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liflROOUCTIOM 


In  1956  spseimsns  of  a  previously  undeseribed  eyvt  neiaatode  w«re 
found  east  of  GainesTille,  Florida.   Mr.  Gilbert  M.  Whitton  found  Uie 
■ature  females  attached  to  the  roots  of  a  sweetgum  tree,  Liquidambar 
styraciflua  L.,  growing  on  the  bank  of  Hatchet  Crert:  approxiaately  8 
■ilea  east  of  GalnesTiUe.    Soil  samples  f  n»  around  the  roots  of  the 
tree  contained  cysts  and  unidentified  larvae,  apparently  of  the  species 
in  question.    Dr.  J.  &.  Christie  was  of  the  opinion  that  this  neoatode 
was  probably  a  BOMber  of  the  genus  Sphaeronwaa. 

Dr.  Christie  called  ny  attention  to  this  interesting  or^nisa  and 
sxtggested  that  a  study  of  it  would  be  nost  worUndiile.  Noatologists 
are  uncertain  as  to  the  phylogenetic  position  of  the  gonus,  and  infoma- 
tion  concerning  this  species  might  prove  of  value  in  understanding  its 
relationship  to  other  genera  of  sedentary  plant  parasitic  noaatodes. 

We  then  collected  soil  and  sweetgun  roots  from  the  Hatchet  Cre^ 
location  and  started  cultures  of  the  nematode  on  sweetgum  seedlings 
growing  in  infested  soil  in  clay  pots.    Numerous  sweetgum  trees  along 
Hatchet  Creek  and  in  the  Gainesville  area  were  sailed  in  an  attempt  to 
find  this  nematode  in  other  areas.    We  found  only  om  specinsn  as  a 
restilt  of  these  efforts.   Later  one  mature  female  was  recovered  from  soil 
aroimd  a  sweetgum  seedling  on  the  banks  of  Green  Sink  on  the  Iftiiversity 
of  Florida  casqnis.    Subsequent  sa^sling  in  the  area  failed  to  produce 
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oore  apcetnms.    Th«  nuoa^r  of  lanrae  which  d«v«loped  on  aeedlings  in 
pota  was  quite  low.    Shortly  after  the  material  was  collected  the  State 
Road  Department,  in  a  bridge  repair  project,  remoTed  all  of  the  treea 
and  Boch  of  the  original  aoil  from  the  collecting  aite.   Further  efforta 
to  collect  this  nooatode  from  thia  aite  failed}  therefore,  the  number 
of  neaatodea  available  for  thia  atudy  waa  of  neceaaity  limited. 

The  woric  reported  here  ia  primarily  the  reaulta  of  a  atudy  of  the 
identity,  derelopoient,  morphology,  phyaiology,  and  behavior  of  thia 
nematode.   The  species  is  named  for  its  diaooverer. 

E]q>erifflenta  were  conducted  to  obtain  infornatiim,  particularly  on 
the  life  history,  which  would  reault  in  a  better  underatanding  of  the 
poaaible  kinahip  of  thia  speciea  to  other  aedentary  plant  paraaitie 
nematodes.  .  ^ 

The  following  is  a  review  of  the  life  cycles  of  four  genera  of 
aedentary  plant  parasitic  nematodes.    These  are  diacuased  because  of  the 
similarity  of  their  life  cyelea  to  that  of  S,  whittoni. 


Nematode  life  cycles  are  consaonly  characterised  by  four  molts  and 
fire  stages.    Christie  (1941)  remarks:    "It  is  customary  to  regard  the 
first  aolt  as  terminating  the  first  and  initiating  the  second  larval 
stage,  the  second  molt  as  terminating  the  second  and  initiating  the 
third  larval  stage,  etc."    According  to  Hyman  (1951)  toxw  molts  in 
which  the  entire  cuticle,  including  the  lining  of  the  buccal  capsule, 
larynx,  rectum,  and  vagina,  is  shed  probably  occur  in  all  nematodes. 

Hatching  in  the  sedentary  parasites,  as  in  most  nematodes,  requires 
favorable  oxygen  tension,  moisture,  and  tenq}erature  conditions.  These 
requirements  vary  with  the  species. 

Both  male  and  frnale  larvae  of  nost  nematode  species  are  eelolike 
in  shape  and  resemble  adults  except  for  the  undeveloped  condition  of 
the  reproductive  systm.    There  &re,  however,  several  Interesting  g«iera 
of  sedentary  plant  parasitic  nematodes  in  which  the  larvae  and  adult 
males  are  eel-shaped  and  apparently  do  not  feed,  but  the  female  larvae 
become  swollen  and  the  adult  pear-shaped  or  spherical.    This  type  of 
development  is  typical  of  species  of  the  genera  Rotylenchulus  and 
Tylenchxilus.    The  two  genera  Meloldogyne  and  Heterodera  are  unique  ia 
that  both  male  and  fwoale  larvae  increase  in  body  diameter  but  at  th« 
time  of  the  final  molt  the  male  undergoes  a  metamorphosis  from  which  it 
Merges  as  a  slender  eel-shaped  adult. 

J 
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M«loldogynj>  :  .  ^ 

Although  th«  tpMias  of  this  g«au«  dlffor  in  th«ir  host^parasito 
relationships  and  physiologj,  th«j  all  hare  substantially  the  saaui  life 
historj  (Christie,  1959). 

Christie  and  Cobb  (1941)  ccKifinosd  the  oteervations  of  Hakagura 
(1930)  that  the  first  molt  occurs  within  toe  egg  vAien  they  obsenred  the 
separated  cuticle  protruding  beorond  the  head  of  the  larva  vihile  it  was 
still  unhatched.    The  first  nolt  takes  place  before  the  larra  has  reached 
maxiaium  length  and  while  it  is  relatively  inactive.    When  molting  speci- 
WM  were  rauoved  from  the  egg  they  moved  sluggishly  but  if  the  larvae 
moved  actively  toe  molt  had  been  completed. 

The  newly  hatched  second  stage  larvae  are  slender  wonas  400  p.  to 
500  )x  long.    They  nove  about  in  toe  soil  and  will  enter  alaost  any  plant 
tissue  that  is  in  contact  with  the  soil.    Dropkin  (1957)  found  that 
about  do  per  cent  of  toe  larvae  penetrated  tomato  roots  by  the  end  of  the 
second  day  of  contact  with  the  plant.    After  that  time  little  or  no  sntry 
occurred.    Most  of  toe  infective  larvae  enter  at  or  near  the  root  tip 
(Christie,  1936)  and  after  becoming  sitmted  within  the  tissues  of  the 
host,  the  larvae  do  not  sore  or  change  their  position.    The  male  is  a 
sedentary  parasite  only  during  larval  development  but  the  female  is 
sedentary  toroughout  her  ant  ire  life. 

Earlj  larval  growto  consists  of  increase  in  widto  in  both  sexes. 
They  become  oval  in  shape  and  are  about  one  half  as  wide  as  they  are  long 
(Christie,  1959).    Second  stage  larvae  of  Meloidogyne  Javanica  (Traub, 
1085)  double  their  diameter.    Grofwth  is  more  rapid  in  the  next  fire  days, 
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tMbling  the  cross  sectional  area  duriiig  that  period  (Bird,  1959). 

Larrae  of  M.  .iavanica  tmdergo  the  secmd  molt  approximately  fourteen 
days  after  entering  the  host  tissue.    The  third  and  fourth  molts  occur 
in  rapid  succession  during  the  next  three  days.    During  the  second  molt 
the  stylet  tip  is  shed  vdth  the  cuticle  and  the  stylet  shaft  and  knobs 
break  down.   There  is  no  stylet  in  either  the  third  or  fourth  stage 
larvae. 

The  males  undergo  metaaorphosis  within  the  sac  fonaed  by  the  second 
and  third  molted  cuticles.    They  become  typically  newttoid  in  shape,  with 
the  body  being  flexed  twice  within  the  sac.    After  the  foxirth  molt  the 
males  emerge  as  slender  worms.    Males  are  found  free  in  the  soil,  feeding 
on  roots,  and  in  assoeiation  with  females , 

Females,  m  the  other  hand,  remain  attached  to  the  root,  east  their 
second  and  third  cuticles  and  increase  in  girth  and  length  until  they 
beooise  peaz^shaped  or,  sometimes,  nearly  s0ierieal.    There  is  always  a 
protruding  neck  region.    With  a  suitable  host  and  during  want  weather, 
females  begin  depositing  eggs  from  20  to  30  days  after  entering  the  host. 
A  female  extrudes  a  "gelatinous"  material  through  the  TulTa  and  then 
deposits  the  eggs  into  this  material.    The  gelatinous  matrix  holds  Uts 
eggs  together  In  masses  and  forms  a  i^teotiye  coTering  (Christie,  1959), 

Females  may  be  found  with  the  posterior  end  protruding  from  the  root 
or  just  beneath  the  root  epidermis  of  numerous  plants. 

No  root  diffusate  or  hatching  factor  is  required  to  stimulate  «ie  v 
hatching  of  Meloidogyne  eggs.    Hatching  requires  moisture  and  oxygen, 
with  the  optimal  temperatiire  around  C. 

Males  of  this  genus  seem  to  be  funotional  and  sexual  reproduction 
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apparently  takes  place  but  has  not  been  reported  in  the  literature. 
HoweTer,  males  are  not  always  necessaxy,  and  parthenogenesis  does  oeeur* 
Tyler  (1933)  demonstrated  that  as  mny  as  12  generations  could  be  reared 
hy  repeated  isolations  of  single  Xaule  larvae. 

Tylenchulus 

Tylenchulus  semipenetrans  (Cobb,  1914)*  the  citrus  nsnatode,  is  the 
only  species  in  this  genus  urtiose  life  history  has  been  studied.    It  has 
a  very  narrow  host  range,  being  found  mainly  on  citrus. 

The  first  molt  takes  place  within  the  egg  (Gutierres,  19A7).  Van 
Gtmdy  (1958)  noted  that  the  eggs  hatch  in  about  14  days  at  a  t«Mperature 
of  24°  C.    He  was  able  to  determine  the  sex  of  newly  hatched  larvae  by 
the  shorter  esophagus  and  greater  body  diameter  of  the  male  larvae.  Of 
1,100  eggs  esqperlatentally  hatched,  26  per  cent  produced  males. 

The  male  completes  its  fourth  molt  in  approodmately  7  days  after 
hatching.    It  apparently  does  not  feed  during  this  time  nor  have  adults 
ever  bem  sesn  in  roots.    The  only  increase  in  sise  of  the  adult  male  is 
in  body  length.    The  stylet  Is  inc(»ispiouous  and  small,  and  the  esophagus 
is  shriveled  and  nonfunctional  (Van  G\mdy,  1958). 

Van  Gundy  also  noted  that  female  larvae  feed  externally  on  roots 
during  all  larval  stages  after  hatching.    Second  stage  fnaale  larvae  do 
not  develop  further  without  feeding.    Adult  females  become  sessile  on 
roots  with  their  heads  inserted  near  the  pericycle  and  the  body  protrud- 
ing.   Eggs  are  deposited  in  a  gelatinous  material  and  occur  in  masses. 
Masses  may  contain  as  many  as  100  eggs  (Baines,  1950).    The  life  eyele 


f  ran  agg  to  «gg  requires  about  6  to  8  weeks  when  the  temperature  aYesrages 
75®  F. 

Cobb  (1914)  states  that  the  fsoales  of  this  species  are  sonewhat 
gregarious  as  the/  are  found  in  definite  groups  tm  roots. 

Rotylenchulus 

The  life  histories  and  habits  of  Rotylenchulus  reniformis  (Linford 
and  Oliveira,  1940} «  and  Tylenchulus  swiipenetrans  (Gotfe.  1913)  are 
similar.    R.  reniformis  has  a  rather  wide  host  range.    A  isolt  in  the  egg 
was  not  observed  by  Linford  and  Oliveira  (1940),  but  the/  did  observe  3 
molts  after  hatching.    Peacock  (1956)  hatched  eggs  in  distilled  wtter. 
He  noted  molting  c(»inmced  24  hours  to  4  l/^  ^7*  after  hatching,  and  was 
completed  in  8  to  18  days.    The  larvae  undergo  their  development  with 
little  increase  in  siae  and  apparently  without  feeding.   Only  the  adult 
foaales  are  known  to  be  parasitic.    It  is  not  known  if  the  adult  males 
feed.    Females  beoome  established  either  eoiqxLeteljr  within  roots  or  with 
the  posterior  part  of  the  bodj  protruding.    After  feeding  has  eoasteneed, 
the  body  widens  and  becomes  kidney  shaped.    Copulation  takes  place  after 
the  fesBle  becoaes  enlarged  (Christie,  1959).    Females  were  observed  bj 
Peacock  to  begin  egg  laying  10  days  after  infecting  roots.    Eggs  are  laid 
in  a  gelatinous  matrix  in  which  males  are  frequently  found.    The  life 
cycle  is  coi^pleted  in  approximately  25  days. 

Heterodera 


In  the  beginning  of  his  discussion  of  the  life  history  and  habits  of 


tta*  spMisa  of  this  genua  Chriatia  (1959)  writes t    "Insofar  as  the  matter 
has  be«»  inrestlgated,  all  cyst  n«aato<les  have  substantially  the  sane 
life  cycle.    The  species  differ  in  this  respect  only  in  ainor  details. 
This  life  cycle  is,  in  many  ways,  nueh  like  that  of  the  root-knot  ntsamr 
todes."   The  list  of  host  plants  is  lon«  and  Includes  aany  Important 
economic  crops.  f 

The  first  molt  takes  place  in  the  egg  (Hagenmeyer,  1951).  The 
sec<md  stage  lanrae  move  about  freely  in  the  soil  until  they  enter  the 
host  plant  roots.    The  area  penetrated  is  usually  near  the  root  tips. 
Most  larvae  migrate  a  abort  distance  through  the  cortex  and  become 
established  parallel  to  the  longitudinal  axis  of  the  root,  with  the  head 
near  toe  -vascular  cylinder. 

The  male  undergoes  mstamorphosis  aiadlar  to  malea  of  the  g«aua 
Meloidogyne.    After  increasing  in  width,  the  second  stage  male  undergoes 
the  aecond  and  third  molts.    During  the  third  molt  the  body  becoBMt 
elonjpated  and  typically  nraatoid.    The  fourth  molt  gives  rise  to  the 
slander  adult  male. 

Aa  with  Meloidogyne  f enalea  there  ia  no  female  metamorphoaia  in  the 
genaa  Heterodera.    The  female  increases  in  girth  after  the  second  molt. 
After  the  fourth  molt  the  adult  female  is  lemon-shaped  or  nearly  sj^eri- 
eal  depending  on  the  species.    Usually  the  entire  body  of  the  female  is 
outside  of  the  root  with  rnily  the  head  embedded.    The  cuticle  of  mature 
fanales  changes  frca  white  to  deep  broMB.    The  cyst  foxned  by  this  eutiele 
protects  the  eggs  from  adverse  environmental  cmtditiona. 

Egg  deposition  varies  with  the  species  of  this  genua.  Heterodera 
achachtii  (Schmidt,  1871)  deposits  frrai  a  few  to  as  aaagr  at  X31  agga  in  » 
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gelatinous  matrix  (Raeki,  1950).    HetrodTa  glycines  (Ichinohe,  1952) 
amy  deposit  up  to  200  eggs  with  as  nany  aa  AOO  still  reaaining  within  the 
feaale  body.    The  fetaales  of  H.  rostochiensis  (Wollenweber,  1923)  retain 
all  the  eggs  within  the  body  (Christie,  1959).   When  the  feaoae  dies  her 
body  beeoaee  a  proteetive  cyst  encasing  the  eggs. 

Eggs  of  some  species  hatch  when  moisture,  temperature,  and  oxygen 
tension  are  optimal.    The  ewnditions  -vary  with  the  species.  Hcsr«(v«r« 
eggs  of  certain  species  hatch  only  when  stimulated  by  diffusates  froM 
the  host  plant  roots.    Eggs  of  some  cysts  may  hatch  rapidly  or  hatching 
nay  occur  over  a  3  or  4  day  period. 

Raski  (1950)  found  H.  schachtii  females  contained  embryonated  eggs 
31  days  after  they  entered  the  host  plant. 


HATERIAL3  AKD  METHODS 

Sveetgum  root*  infected  with  S.  whlttonl  were  obtained  f ron  the  tree 
IMimsitised  by  this  nematode  on  the  bank  of  Hatchet  Creek.    Roots  were 
placed  on  a  60  mesh  screen  and  washed  with  tap  water.    Mature  fenales  and 
cysts  were  dissected  froB  the  roots  under  the  stereoscopic  oieroscope  at 
45  X  mgnification.    Cysts  washed  from  the  roots  were  collected  from  the 
screen  by  tilting  it  and  washing  the  cysts  into  a  beaker  with  a  gentle 
stream  of  water.    All  stages  of  the  nesiatode  were  manipulated  with  a 
finely  drawn  out  pipette.    Some  cysts  and  mature  f «nales  were  stored  in 
tap  water  in  Bureau  of  Plant  Industry  Station  dishes.    Females  deposited 
eggs  in  tap  water  and  laxnrae  x^dily  hatched  from  them  and  from  eggs  in 
cysts.    There  was  apparently  no  harmful  effect  on  the  eggs  from  such 
additiTes  as  chlorine  in  the  tap  water.    Female  nematodes  and  cysts  were 
fixed  overnight  in  hot  (50®  C)  2  per  cent  formalin  to  be  used  for  further 
study.    Young  and  mature  females  were  also  stained  and  fixed  in  hot  0.1 
per  cent  cotton-blue  lactophenol  after  the  method  of  Goodey  (1957)* 
Nematodes  were  placed  in  the  boiling  solution  for  1  to  3  minutes  and 
mounted  in  clear  lactophmol.    Tl^iis  treatment  was  especially  good  for 
studying  the  deTelopramt  of  the  reprodUBtive  system.    There  was  con- 
siderable distortion  of  many  of  the  organs  except  the  gonads  which  stained 
slightly  darker  than  the  surrounding  tissue  and  were  remlered  clearly 
▼isible. 

Seccmd  stage  larvae  and  males  were  removed  f r«n  the  soil  by  the 
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8i«vlng  and  Ba«nunn  funnel  techniqua  of  Christls  and  Psny  (1951)  • 
Larvae  w«rfl  also  hatched  from  eggs  held  in  tap  water  in  BPI  dishes  and 
depression  slides.    These  larvae  and  males  being  eel-like  in  fora  were 
best  nanupulated  with  a  finely  sharpened  bamboo  pick.    Live  larvae  and 
males  were  studied  in  tap  water  in  glass  depression  slides  at  kJO  x 
magnification  xinder  the  con^und  microscope.    Larvae  and  males  wer« 
preserved  in  hot  fomalin  and  in  cotton-blue  lactophenol. 

Slides  were  made  of  living  nraatodes  in  water  and  specimens  fixed  in 
2  per  cent  fomalin  and  in  cotton-blue  lactophenol  in  the  following  man- 
ner.   Under  the  stereoscopic  microscope  at  45  x  magnification  nematodes 
were  picked  up  with  a  finely  sharpened  bamboo  pick.    They  were  placed  ia 
a  small  drop  of  water,  2  per  cent  formalin  or  dear  lactophenol  on  « 
glass  slide.    Three  pieces  of  glass  wool  approximately  the  diameter  of 
the  nematodes  were  placed  in  the  drop  as  supports  for  the  cover  slip.  An 
18  m,  round  cover  slip  was  added;  the  slide  was  placed  on  a  turntable 
and  ringed  with  Zut.^   Prior  to  sealing  the  water  mounts  a  drop  of  the 
intravitam  stains,  methylme  blue  or  neutral  red,  was  sometimes  placed  an 
the  slide  on  one  side  of  the  cover  slip  and  drawn  under  it  by  the  capil- 
lary action  of  a  piece  of  filter  paper  held  on  the  opposite  side.  These 
•tains  caused  certain  structures  to  stand  out  more  clearly  than  in  tlM 
unstained  worms. 

Live  females  were  st\idled  microscopically  in  water  in  depression 
slides.    Because  of  the  varying  diameter  of  the  females  the  cover  slip  of 
each  slide  was  supported  by  3  small  blocks  of  a  mixture  of  one-half 


ireial  compound  used  for  sealing  slides. 
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▼as«line  and  on»>half  paraffin  wax.    The  corer  slip  could  be  gently 
pressed  down  until  It  touched  the  specimen  and  then  sealed  with  Zut, 

Paraffin  sections  of  mature  females  were  prepared.    Roots  with  fe- 
males attached  were  also  prepared  and  seotioned.    The  following  technique 
was  used. 

1.  Kill  and  fix  in  hot  (50®  C)  2  1/2  per  cent  formalin  for  24  hours. 

2.  Add  a  few  drops  of  thick  (20  per  cent)  celloidin  in  ether-absolute 
alcohol  solution,  at  room  temperature,  every  few  hours.    Leare  off 
the  top  of  the  vial  in  later  stages  to  allow  celloidin  to  thicken. 
When  it  can  be  picked  up  in  a  soft  lump  with  forceps,  transfer  to 
pure  chloroform  to  harden,  cut  from  forceps,  trim  to  desired  sise  and 
shape  so  nematodes  will  be  in  center  of  the  lump. 

3.  Transfer  to  1  »  1  solution  of  glycerin  and  absolute  alcohol  to  clear. 
Can  be  kept  here  indefinitely. 

4.  To  embed  in  paraffin  for  serial  sections,  wipe  off  glycerin-alcohol 
thoroughly  axxi  place  In  1  }  1  solution  of  chloroforBr-paraffin  oil  in 
open  vial  on  top  of  oren  or  on  warming  plate  (low  temperature) • 

5.  Pour  melted  paraffin  into  rial,  about  half  full,  allow  to  harden, 
place  lump  of  celloidin  containing  nematodes  on  top  of  hard  paraffin, 
add  enouj^  chloroform-paraffin  oil  to  cover  the  lump,  place  in 
paraffin  oven  at  56  -  58  degrees,  xintil  paraffin  melts  and  celloidin 
drops  to  bottom  of  vial. 

6.  Change  paraffin  3  tinss  to  get  rid  of  all  chloroform-paraffin  oil, 

f: 

then  block  and  section. 

7.  Affix  to  slide  by  floating  on  solution  reconnended  by  Johansen  (1940, 
p.  125)1    2  CO.  acetone^  1  drop  methyl  bensoate,  B  ce.  HCH«  2  or  3 


13 


drops  Maysr's  or  Haupt's  adhosiT*.    PI&co  on  warn  plate  to  stretch 
slliShtly  and  straighten,  drain  off  excess  adhesive,  allow  to  dry, 
stain  with  hesiatoxylln* 
8,    Mount  in  perraount* 

Slides  were  studied  under  oil  inwrsion  and  caaera  lueida  drawings 
and  photograi^s  were  made  of  the  specimens.    Measurements  were  nade  with 
an  ocular  BicrooAter,  of  various  norphological  structures.  Critical 
aeasurensnts  were  takm  trm  the  camera  lucida  drawings. 

In  order  to  have  a  continuous  supply  of  specimens  in  various  stages 
of  developaMnt,  cultures  were  maintained  in  the  greenhouse.  Sweetgun 
seedlings  2  to  6  Inches  tall  growing  in  sterile  soil  in  clay  pots  wer« 
iraiocTilated  with  second  stage  larvae  and  cysts.    Developing  feoales  were 
rMWved  from  the  roots  as  needed  for  study.  '  « 

Specific  Miterials  and  methods  are  mentioned  in  the  descriptions  of 
the  particular  e3q>eriment3  where  they  ai^ly. 

Eggs  for  snbryological  study  were  obtained  by  dissecting  mature 
females  and  cysts.    Eggs  were  observed  in  tap  water  in  glass  depression 
aUdes  at  430  x  mapiification.   To  dstermins  the  length  of  time  required 
for  cleavage  to  occur,  slides  were  kept  in  moisture  chambers  at  room 
tegq)erature  and  water  around  the  eggs  was  changed  every  24  hours.  During 
observation,  eggs  were  turned  by  forcing  air  through  a  pipette  onto  the 
surface  of  the  drop  of  water  in  which  the  eggs  were  contained.  This 
caused  the  eggs  to  turn  and  thus  dorsal,  lateral,  and  ventral  vi«rs  could 
be  obtained. 

To  study  the  developoisnt  of  the  female  a  modified  technique  based  on 
that  of  Raski  (1950)  was  used.    Because  preliminary  tests  indicated 


ApproxisaUly  60  day*  v«ra  rvqulrad  for  f Male  S.  wfalttonl  to  mturo,  an 
«xp«riiMnt  was  planned  to  oxtond  over  a  2  oonth  period.    Large  ninibers 
of  7-day-old,  second  stage  larvae  were  adxed  into  nolst,  sterile  sand. 
The  sand  was  allowed  to  stand  for  7  nore  days;  then,  120  sweetgum 
seedlings,  geminated  in  sterile  pearllte,  were  planted  in  the  sand. 
These  were  allowed  to  grow  for  48  hoiirs,  and  all  the  seedlings  were 
washed  free  of  sand  and  planted  in  sterile  soil.    The  plants  were  oain- 
tained  at  room  temperature.    On  each  succeeding  day  for  2  months,  2 
seedlings  were  washed  free  of  soil  and  stained  with  eetton-blue  laeto- 
phenol  according  to  the  nsthod  of  Ooodey  (1957).   Larrae  were  reaoved 
froa  the  roots  and  mounted  in  clear  laetophenol  on  slides  for  mioroseopio 
examination. 

In  order  to  study  the  influence  of  nematode  trapping  fungi  on  the 
larrae,  the  following  method  was  eaployed.    Petri  plates  containing 
sterile  2  per  cent  water  agar  were  innoeulated  with  spores  from  a  culture 
of  Arthrobotrys  sp.    The  plates  were  maintained  at  room  temperature  for 
10  days.    At  the  end  of  this  time  the  mycelium  of  the  fungus  had  coTered 
most  of  the  agar.    The  species  of  Arthrobotrys  used  in  these  experiments 
captures  nanatodes  by  means  of  sticky  loops  which  grow  out  from  the 
hyidiae.    Vfhen  the  nsnatodes  pass  through  the  loop  they  become  caught. 

Second  stage  S,  whittonl  l&rvae  were  hatched  from  cysts  in  tap 
water.    They  were  rinsed  3  times  in  distilled  water  before  being  used  in 
these  ejqperiments. 


3ptMtOT<»«aa  whlttonl  n«w  species 

The  nev  species  described  below  has  be«n  found  attached  to  sweetgua 
(Liottadamber  styraciflna)  roots  and  in  soil  around  the  roots. 

Measurements  were  made  of  the  larvae,  nature  asles,  and  nature 
I.    MeasurenMnts  taken  were  as  follows  I 
L  •  total  length  of  body  in  jn 

^  ,  total  length  of  body 
width  of  body 


total  length  of  body 


distance  from  anterior  end  to  end  of  esophagus 

total  length  of  body 
e  «   

length  of  tail 
V  -  position  of  Tulva 

T  -  i:2«!^L2L^fi^  inperc«it 
total  length 

Cub.  "  length  of  gubemaculum  in  ^ 

Spic.  ■  length  of  spicules  in  ^ 

PsMtlst  L  -  325  -  650;»;  a  -  ?;  b  -  ?;  c  -  ?j  ?  -  equatorial  to 
subteminal. 

Male:   L  -  390  -  465  /ij  a  "  32.2  -  39.0j  b  -  ?j  c  -  7.6  -  9.1| 

X5 


16 


T  -  12.6  -  21,7  P«r  c«it;  gub.  -  5  -  6yt}  ■pic.  •  12.2  -  14.4 /i. 

Lanra:    (Pig.  U)   L  -  401.5  -  477 /x;  a  -  24.0  -  29.8;  b  -  2.«  -  4.2} 
e  "  6.7  -  13.    Body  slender,  cylindrical,  and  tapering  at  both  ends. 
Annules  fine,  striae  less  than  1 ^  apart.    Lateral  lines  not  obsanred. 
Excretory  pore  posterior  to  the  nerre  ring.    Hemizonid  2  annules  anterior 
to  excretory  pore.    Lip  region  not  offset  froai  head.    Cephalic  soleroti- 
aatlon  weak.   Stylet  18  -  19.9     long.    Stylet  tip  47  -  56  per  cent  of 
total  stylet  length.    Stylet  knobs  rotmded  svellings.    Esophagus  long  and 
slender.    Orifice  of  dorsal  gland  3 />  posterior  to  stylet  knobs.  Corpus 
slender.    Median  bulb  elongate  with  conspicuous  valve.    Isthmus  well 
defined.    Gland  cells  overlap  intestine.    Anus  very  obscure.  Phasaids 
nail  and  pore-like,  24  -  27  ^  f r«B  tall  tip;  very  difficult  to  seo} 
observed  on  only  3  specimens.    Tail  tapering  to  bluntly  rounded  tendnus. 
Teralnua  frequently  flattwied  with  ventral  side  longer  than  the  dorsal 

side.  '  •'      -  .  -v:*'' 

Fwaalet    (Fig.  IC)    Body  sub-sp^ierical  to  spherical  with  protruding 
neck.   Meek  usually  straight  and  stout,  less  than  100  ji  in  length;  nay 
be  elongate  and  variously  curved  due  to  influence  of  the  tissues  of  the 
host  plant  surrounding  it.    Cuticle  strong  and  well  developed,  up  to  10 
^  thick.    No  pattern  or  markings  observed.    Lateral  lines  not  observed. 
Excretory  pojre,  neirve  ring,  and  hemizonid  not  observed.    Lip  iregion  with 
a  circum-oral  elevation.    Cephalic  framework  weak.    Stylet  19-21^ 
long.    Stylet  tip  54  -  57  per  cent  of  total  stylet  length.    Stylet  knobs 
rounded  swellings.    Esophagus  well  developed.    Orifice  of  the  dorsal 
gland  3  '  4^  posterior  to  stylet  knobs.    Corpus  elongate  cylindrical. 
Median  bulb  large,  spherical,  and  very  aoscular,  and  provided  with  heavily 
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Pigture  1.    StAmwQnaaa  ^Ittoni.    CmBsra  luclda  drawings.    At  Second 
stage  larva.    Bt    Cross  section  through  median  esophageal  bulb  of 
female.    Ct   Mature  fo&ale.    Dt    Cross  section  through  mature  female 
cuticle.    Et   Mature  male. 
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•el«rotiz«d  triradlate  valw.  Isthnus,  glands,  and  Junction  of  esoi^gus 
and  intestine  obscured  from  view  Iqr  thick,  dense  cuticle.  Excretory  pore 
not  obsenred.  Vulra  equatorial  to  subterminal,  and  an  opening  through 
the  thick  cuticle,  the  lips  being  flush  with  the  body  surface.  The  short 
▼aglna  leads  into  a  large,  conspicuous,  thick-called  uterus  which  bec<»es 
distended  and  packed  with  eggs.  ^ 

Male:    (Fig.  ID)   Labial  region  smooth,  not  set  off  fr<»i  body. 
Cephalic  fraaewoiiE  obscure.   Annules  rery  fine.    Lateral  lines  not  ob- 
senred.   Kemizonid  located  2  annules  anterior  to  excretory  pore.  Excre- 
tory pore  70-71^  from  anterior  end.    Testis  12*6  -  21.7  pw  cent  of 
length.    Spicules  12.2  -  14*4 ^  long,  slender,  slightly  cunred  ventrally. 
Cxiticle  protrudes  around  cloacal  opening.    Bursa  absent.  Gubextiaculuai 
$  -  6  ^  long,  slightly  curred.    Phasmids  not  observed.    Tsil  conoid, 
curred  slightly  ventrally,  with  rounded  terminus. 

Type  Host  I    Roots  of  sweetgum,  Liquidanbar  styraciflua  L. 

Type  Looalityt    On  bank  of  Hatchet  Creek,  8  miles  east  of  Oaines- 
rille,  Florida. 

Date  Collected*    October  12,  1958. 

Type  Specimens:    Holotype  -  female;  allotype  -  male;  all  types 
deposited  in  State  Plant  Board  Collection,  GainesTille,  Florida. 

Differentiation:    This  new  species  differs  frtm  the  type  species, 
gpha9rt?nffilft  9alif9mlg\a  (Raski  and  Sher,  1952)  and  m1n'r^f1ff?1— 
(Goodey,  1958)  in  the  following  respects.    Festtlei   The  femles  of  ^. 
irtiittoni  do  not  possess  protruding  vuItsI  lips  as  do  those  of  S.  cali- 
fomlcum.  but  the  lips  are  flush  with  the  body  wall.    The  cuticle  of  this 
new  species  is  not  marked  by  a  reticulate  pattern  as  is  that  of  S. 
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'  e*llfomicuB.    1h«  at/let  knobs  of  S.  whittonl  aro  8jjq;>le,  rounded  swel- 
lings not  dirsoted  posteriorly  as  in  S.  califomicum  or  protruding 
laterally  as  in  S.  alnutissinnaa.    The  minimal  body  size  recorded  for 
fraales  of  S.  whittonl  is  larger  than  that  of  the  other  two  species  of 
the  genus.    Femles  have  been  found  which  were  appi'oxinately  5  times 
larger  than  S.  mlnutissiiniun  and  3  times  as  large  as  S.  califomicum, 

Male  I    S,  whittoni  males  are  quite  similar  to  S,  califomicum  males. 
(Goodey  reported  no  males  for  S.  minutiitfipiu )   However,  in  3.  whittoni. 
the  haadsonid  is  anterior  to  the  eaceretory  pore  while  la  S.  califomicum 
it  is  located  posterior  to  the  pore.   The  testis  of  S.  whittoni  is 
generally  not  as  long  as  that  of  S,  califomicum.    The  spicules  of  this 
new  species  are  not  as  long  as  those  of  S.  califomicum.  but  the  gubema- 
eulum  Is  slightly  longer.  .  , 

Larrat    Larval  body-length  measurements  orerlap  those  of  S.  cali- 
fomicua  but  are  greater  than  those  of  3.  mimttissimua.   The  st/let  is 
longer  than  that  of  either  of  the  other  two  species.    The  knobs  are  round 
swellings  similar  to  those  of  3.  califomicum  but  quite  different  fron 
knobs  of  S.  minutissimum  which  are  conrex  anteriorly  and  flat  posteriorly. 
The  labial  region  is  not  characterized      a  circum-oral  eleration  as  in 
3.  minutissimum  larrae.    The  esophageal  glands  of  S.  whittoni  overlap 
the  intestine,  whereas  they  do  not  in  3.  califomicum  and  Croodey  does  not 
indicate  overlap  in  S .  minutissimum. 

Egg:    The  egg  of  3.  %^ttoni  is  approximately  twice  as  long  as  wide. 
The  egg  of  S.  minutisslaam  is  almost  spherical  and  such  smaller.  The 
size  range  of  eggs  of  3.  whittoni  is  discussed  in  the  following  section 
on  eidsryology. 


EMBRXOLOGY  AND  THE  FIBST  STAG£  LARVA 


Egg 

Young,  mature  females  laid  a  few  eggs  when  they  wei^  placed  in  tap 
water.    These  eggs  were  usually  embryonated,  being  in  the  2  or  4  cell 
stages  when  extruded.    Usually  5  or  6  eggs  were  passed  but  most  were 
retained  in  the  uterus  of  the  female.    The  egg  laying  habits  of  S, 
whittoni  are  similar  to  those  of  Heterodera  schachtli  as  described  by 
Raski  (1950). 

The  eggs  rf  ^i^eronena  whittoni  are  almost  twice  as  long  as  broad 
with  equally  rounded  poles.    Eggs  measure  trom  75 to  80 /i  long  by  45/i 
to  50 /U  wide.    The  ventral  surface  of  the  egg  is  slightly  concave  and 
the  dorsal  surface  is  convex.    The  differences  in  dorsal  and  ventral 
sides  are  rather  indistinct  on  some  eggs. 

The  egg  is  composed  of  closely  packed  globules  of  different  sizes 
and  is  bounded  by  two  membranes,  the  outercoverlng,  or  egg-shell,  and  the 
irmer  vitelline  membrane.    According  to  Chitwood  and  Chitwood  (1950)  a 
similar  arrangestent  is  found  in  most  species  of  the  Tylenchoidea.  The 
•gg-shell  is  a  snooth,  clear,  sticky  membrane.    When  eggs  are  removed  or 
extruded  normally  from  the  female,  they  will  adhere  to  almost  any  surface 
with  which  they  come  into  contact.    Gentian  violet  stains  the  shell  dark- 
ly.   After  24  hours  in  a  10  per  cent  solution  of  conmereial  clorooc  (.05 
per  cent  Sodium  Hypochlorite),  egg-shells  were  found  still  intact,  but  the 
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thickness  was  greatly  reduced.    In  vmdlluted  conmerclal  cloroz  (5  per 
cent  SodiuB  Hypoehlorlte)  egg-shells  dissolved  completely  in  10  odnutes. 
Egg-shells  were  not  visibly  affected  by  24-hour  iamersion  In  concen- 
trated H  Cl«  0.2N  H  CI,  or  0.2N  NaGH. 

The  thin  vitelline  aombrane  innediately  surroimds  the  ovum.  Before 
cleavage  occurs,  it  is  difficult  to  see  because  the  globules  composing 
MMt   of  the  ovum  push  the  msobrane  against  the  inner  surface  of  the 
egg-shell.    After  cleavage  begins  t^e  ovum  shrinks  away  from  the  shell 
wall  and  the  vitelline  membrane  becomes  visible  as  it  separates  from  the 
ovum  and  the  shell  wall.    The  space  between  the  wabryo  and  the  vitsUiae 
MKbrane  is  called  the  perivitellus  space.    Hie  extra-vitellus  cavity 
results  frMi  the  separation  of  the  vitelline  membrane  from  the  egg-shell* 

The  vitelline  membrane  in  nasiatode  eggs  has  been  found  to  regulate 
the  movement  of  gentian  violet  into  the  egg  (Chitwood  and  Graham,  1940). 
To  test  this  function  in  the  vitelline  membrane  of  S.  >rtiittoni.  e3q)eri- 
msnts  similar  to  those  of  Chitwood  and  Graham  with  Strongrleides  ratti 
eggs  were  carried  out.    Wh«i  embryonated  eggs  of  S.  whittoni  were  placed 
in  an  aqueous  solution  of  gentian  violet  the  egg-shell  stained  a  daric 
violet,  but  the  stain  did  not  penetrate  the  vitelline  moibrane  and  stain 
the  embryo.   However,  after  gently  heating  the  ^  or  ejqmsing  it  to  fat 
solvents  such  as  acetone  or  absolute  ale<riiol,  the  gwitian  violet  pene- 
trated the  vitelline  membrane  and  stained  the  entire  egg  dark  violet. 

Two  polar  bodies  can  frequently  be  seen  after  cleavage  has  begun  in 
^,  iriiittoni  eggs.    The  polar  bodies  are  located  at  the  anterior  end.  In 
some  neoBtode  eggs  the  polar  bodies  are  located  near  the  middle,  as  in 
Heterodera  schachtii  (Strubell,  1888),  and  in  Heterodera  avenae 
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(Wollernreb«rf  1924  and  Mulrty,  1959).    In  S,  vhlttonl  one  polar  body  1« 
located  in       pvrlYltellue  space  and  the  other  nearbj  in  the  eoctra- 
▼itellua  ca-rity.  , ,  .  .■  ,v 

ISBbzTologieal  Derelopwni 

No  atteaqst  vas  Bade  to  voric  out  cell  lineage  in  ay  eabryolegieal 
•tttdies.    However »  the  developMnt  of  the  embryo  through  the  6  cell  stage 

'  is  aloost  identical  with  that  of  Turbatrix  aceti  (AngullluU  aceti)  as 
reported  by  Pai  (1928).    The  planes  of  cleavage,  sequence  of  divisions, 
relative  slse,  and  relative  position  of  the  blastoraeres  of  the  2  eotbryos 

■  are  similar.    The  develop»ent  of  the  mibrfo  of  S.  vhittoni  through  the  6 
cell  stage  is  sinllar  to  that  of  Ascaris  aegalocephala,  as  described  by 
Boveri  (1899),  in  BK>st  respects  e»ept  for  the  shape  of  the  blastateres, 
the  cells  of  the  enbryo  of  A.  aegaloeephala  being  sesMMhat  aore  rounded 
than  those  of  3,  whittonl.    Because  of  the  slsdlarities  in  the  early 
«8d9ryos  of  S.  wfaitt<Mfil.  T.  aceti,  and  A.  aegalocet^uOat  I  have  used  the 
MM  lettering  s7st«B  to  designate  blastotteres  as  Pal,  Boveri  and  others, 
for  the  sake  of  clarity  and  convenimce.    Such  usage  does  not  imply  that 
the  lineage  of  any  cell  in  the  S.  whittoni  embryo  was  felloved  to  its 
ultimate  fate.  . 

The  protoplasm  of  the  undivided  ovum  fills  the  egg  membranes  (Fig. 
SA).    This  stags  is  usually  designated  as  (Po)  in  nematode  embryological 
studies.    The  first  division  is  transverse  to  the  longitudinal  axis  of 
the  egg  and  produces  2  cells  of  about  equal  sise.    The  anterior  cell  is 
(Si)  and  the  posterior  cell  is  called  (P^^)  (Pig.  2B).    The  nmlei  are 


A  - 
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round,  olaar  area*  in  the  protoplaam*   The  second  cleavage  division  ia 
eoapleted  approodaatelj  24  hours  after  ^e  first,  and  the  plane  of 
cleavage  is  parallel  to  that  of  the  first  division,    nie  anterior  (S^) 
cell  divides  alaost  equally  to  give  rise  to  the  anterior  cell  (A)  and 
posterior  cell  (B)  (Fig.  2C)  with  the  resulting  cells  arranged  in  tandm. 
In  the  third  division  the  plane  of  cleavage  is  parallel  to  that  of  the 
first  2  divisions.    In  the  third  division,  (P^)  divides  about  equally  to 
fora  an  anterior  cell  (Sj)  and  a  posterior  cell  (Pj)  (Fig.  2D).  This 
division  requires  approxinately  24  hours  for  eooqpletion.    Soon  after  the 
conpletion  of  this  division  the  4  blastoawres  are  arranged  in  tandem 
(Fig.  2D).    Cell  (B)  soon  shifts  to  a  position  dorsal  to  cell  (A)  (Fig* 
2E).   A  few  hours  later  the  cells  have  wed  into  the  pattern  shoim  in 
Fig.  2F.    In  this  situation  (A)  is  anterior,  (B)  is  dorsal,  (Sj)  is 
ventral,  and  (Pj)  is  posterior.    The  shifting  of  the  blastomeres  is 
slow  and  I  could  not  detect  any  movement.    The  same  was  true  of  the  flow 
of  the  protoplasm.    At  the  third  cleavage  the  (S^^)  cell  group,  (A)  and 
(B),  divides  longitudinally  to  fom  4  cells.   The  2  on  the  rig^t  are 
designated  by  Romn  letters,  the  2  on  the  left  by  Greek  letters  Ali^ 
and  Beta.    The  enibryo  is  now  composed  of  6  cells  (Figs.  2G  and  2H). 

From  this  stage  the  cleavage  rhythm  differs  in  the  various  cell 
groups  and  several  cells  divide  simultaneously.    After  numerous  divisions 
the  ectoderm  and  entoderm  layers  are  clearly  distinguishable  (Fig.  3)* 
The  light  tissue  (Fig.  3)  at  the  end  of  the  egg  becomes  the  esofdiagus. 
The  mesoderm  is  not  visible  in  side  view  for  it  lies  as  2  groups  of  cells 
lateral  to  the  future  gut.    Ho  effort  was  made  to  trace  cell  division  in 
the  embryo  past  the  6  cell  stage.    Due  to  the  small  siie  of  the  dividing 
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Figure  3.   EUbrjo  with  well  developed  legrers  of  tissue.    The  li^t  tissue 
on  the  left  (anterior  end)  will  develop  into  the  esophagus.  (Approxi- 
mately 1000  Z) 
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cell*  and  various  olsavage  rhythna  I  eould  not  trace  the  divlaiona 
accurately. 

Th9  embryo  reaehee  the  tadpole  stage  after  approxinately  13  days 
(Fi«.  21).    The  first  moveoent  was  recorded  on  the  twelfth  day.  The 
embryo  slowly  expanded  and  retracted  saall  areas  of  the  anterior  part  of 
the  body.    The  17-day-old  «i>bryo  is  active  and  moves  around  within  the 
egg  menbranes.    By  this  time  it  has  grown  in  length  until  the  body  is 
flexed  3  to  4  times  within  the  egg.    The  stylet  tip  is  apparently  the 
first  part  of  the  stylet  fomed,  and  it  is  visible  <ai  s<Mie  17-day-old 
iribryos.    The  shaft  and  knobs  are  formed  during  the  next  3  days  (Fig. 
2J)* 

Hatching 

Hatching  occurred  readily  in  tap  water  trm  the  State  Plant  Board 
Laboratory,  rain  water,  distilled  water,  and  natural  spring  water. 
Hatching  was  not  affected  by  diffusate  from  potted  sweetgum  seedlings. 
The  eggs  of  Si:^eronema  whittoni  appear  to  be  highly  tolerant  to  dif- 
fer«aees  in  these  aqueous  media.    In  contrast,  van  Weerdt  (1959)  found 
the  eggs  of  Radopholus  siailis  would  not  develop  in  tap  water  from  the 
laM  source  as  above.   He  therefore  placed  R.  similis  eggs  in  natural 
spring  water  to  study  their  developaent. 

Eggs  of  S.  whittoni  hatched  within  the  cysts,  or  when  renoved  and 
placed  in  water  in  depressicm  slides.   When  larvae  hatched  from  eggs  in 
a  cyst  they  escaped  fron  the  cyst  through  the  vulva  or,  sometimes,  the 
head  region  of  the  female.    The  latter  area,  apparently  being  a  weak  part 


27 


of  tb«  ottticl«»  Is  uov  subject  to  bz-sakdewn  than  th»  body  mil  and 
allows  lanral  exit.   Rowrer,  numrous  eystt  rmennA  trm  the  sell  and 
cut  op«n  were  found  filled  with  starved  larvae,  their  intestines  being 
hyaline.    The  mpij  egg-shells  of  thess  larvae  were  packed  within  the 
cyst.    These  larvae  had  apparently  not  been  able  to  escape  from  their 
cysts.   Many  were  dead  \xpaa  removal  from  stieh  cysts  or  they  died  a 
short  time  later.    Some  i^se  intestines  were  opaque,  indicating  the 
presence  of  stored  food,  survived.   Whether  S.  whlttoni  larvae  can  con~ 
tribute  to  their  own  escape  f rua  a  cyst  on  which  the  vulva  has  beeosM 
•losed  or  whether  they  oast  depend  on  daoage  to  the  wall  of  the  cyst  Yjf 
outside  agents  in  the  soil  is  not  known.    It  is  apparent,  however,  that 
■any  hatch  and  then  starve  within  their  cysts  because  they  are  unable  to 
escape  when  the  vulva  is  closed  or  t^oeked. 

Eggs  nearly  ready  to  hatch  are  distorted  in  shape  as  a  result  of 
■ovement  of  the  larvae  within.    The  nraatodes  becone  quite  active  several 
hours  prior  to  hatching.    They  move  the  head  from  cme  end  of  the  egg  to 
the  other  by  sliding  the  whole  body  along  its  flexures  (Pig.  2J).  This 
vigorous  activity  causes  tiie  menbranes  of  the  egg  to  bulge  so  that  the 
egg  may  momentarily  lose  its  characteristic  shape.    Although  the  m«B- 
branes  of  the  egg  seasi  to  be  subjected  to  strong  pressure  from  the  larval 
iWivwMnts,  they  have  never  been  seen  to  rupture  or  break  fnn  this  pres- 
sure alone.    The  larval  activity  of  the  body  prior  to  hatching  is  acec»- 
panied  by  nunsrous,  strong  thrusts  of  the  stylet  against  the  egg  aam- 
branee.    Movenent  of  both  body  and  stylet  is  internet  ed  by  frequent 
periods  of  rest  during  which  the  larva  is  completely  immobile.    The  fol- 
lowing observations  were  recorded  on  a  single  egg  during  a  period  of 
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approxiaiatelj  30  Bkinuies  and  ar«  characteristic  of  larval  aovaoMnt.  The 
nMMtod*  first  moTsd  its  hsad  from  om  end  of  ths  sgg  to  the  other  in  a 
unidirectional  Banner  3  times.    Althou^  the  entire  body  progressed 
anteriorly  during  this  actirity,  it  was  ccmstantly  flexed  due  to  the 
•■all  space  within  the  egg.    A  period  of  5  minutes  of  Inactivity  fol- 
lowed.   The  worm  then  placed  its  head  perpendicular  to  the  end  of  the  egg 
and  79  strong  stylet  thrusts  were  made  in  the  next  minute.    The  stylet 
was  extiruded  approxio^tely  3  to  4     at  each  thrust.   When  the  stylet 
point  drove  again«t  the  egg  membranes  the  latter  were  momentarily  dented 
in  a  manner  similar  to  that  caused  by  the  pressure  of  a  blunt  pencil 
against  one's  hand.    After  the  stylet  was  retracted  the  membranes 
regained  their  normal  condition  at  the  site  of  stylet  contact.    After  a 
4-mijiute  rest  the  larva  began  noveoent  of  the  stylet  again}  this  tlam 
43  thrust   were  counted  in  the  same  place.    This  was  followed  by  3  one- 
half  minute  rest  periods  interrupted  by  3  periods  when  the  stylet  was 
strongly  protruded  3  times.    The  nematode  next  moved  its  head  to  the 
opposite  end  of  the  egg  and  began  intermittwit  probing  action  with  1  rest 
period  of  4  minutes  and  1  of  7  minutes.    It  then  moved  back  to  its  ori- 
ginal position  and  began  a  12-minute  sustained  period  of  strong  thrusts. 

This  pattern  of  b^vior  deseribed  in  the  above  paragraph  continued 
for  a  5-houi'  period.   The  nematode  seemed  to  prefer  1  end  of  the  egg  in 
its  stylet  activity.    It  invariably  returned  to  the  same  spot  after  • 
switching  f rtKE  1  end  to  the  other*   The  egg  was  left  ovemiglit  and  the 
larva  had  hatched  by  the  next  morning  through  a  small,  round,  exeentrie 
hole  at  one  end  of  the  •gg.    As  is  characteristic  of  S,  whlttoni  eggs, 
the  shell  did  not  collapse  after  larval  emergence.    The  above  observations 
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are  similar  to  those  made  by  Dropkinj  Martin^  and  Johnson  (195^)  on 
hatching  larva*  of  Mellodogyn*  arwiarit.   nowarsr,  th«7  found  that  th« 
•gg-ehells  of  this  species  collapse  about  1  minute  after  larval  saergem}*. 

I  was  n«rrer  able  to  so*  an7  indication  that  thrusts  of  the  stylet 
had  caused  any  damage  to  the  membranes  of  the  egg.    No  secretions  froB 
the  larval  stylet  or  from  elsewhere  on  the  worm  were  ever  observed. 
Whether  the  egg  miobranes  are  weakened  neehanieally  by  th«  stylet  or 
enzyme  action  Is  not  known.    The  thrusts  of  th6  stylet  were  powerful, 
for  when  the  tip  was  hindered  in  Its  forward  motion  by  the  membranes  of  -'- 
th«  sgg,  the  head  and  anterior  part  of  the  body  of  the  nematode  were 
forcfld  posteriorly  and  the  stylet  tip  was  frequently  seen  to  bend. 

The  opening  through  \mich  the  larva  esoapes  from  the  egg  is  quit* 
IHlIl.   One  active  larva  with  Its  entire  body  o«t«tr«tched  and  novlng 
normally  was  seen  with  approximately  the  posterior  one-seventh  of  its 
length  still  encased  in  the  egg-shell.   The  body  was  greatly  con8trict«4 
by  the  boxindarles  of  the  aperture  through  which  the  anterior  portion  of 
the  worm  had  already  emerged.    The  hypodermls  and  muscle  layer  were 
prMsed  against  the  intestine.    As  the  diameter  of  that  portion  of  the 
body  which  had  passed  through  the  opening  was  larger  than  the  posterior 
parif  the  neoatode  must  have  exerted  itself  greatly  to  force  the  body 
throuj^  80  small  an  opening.    This  speclinen  was  observed  for  several  days 
in  water  in  a  depression  slide  and  it  did  not  free  Itself  of  the  egg- 
shell.   It  is  possible  that  this  could  have  been  accoa^Oished  had  the 
animal  be«i  in  soil  or  8<MHe  other  suitable  svbstrate.    No  other  speelauM 
ver«  seen  with  the  egg-shell  squeezing  the  body  as  noted  in  the  abnormal 
case  above.    The  majority  of  the  larvae  observed  in  water  were  able  to 


laave  their  egg-shells  without  complication. 


SECOND  STAQE  LAAVA 


Second  stage  larvae  of  Sphaeronema  whlttoni.  are  found  In  large 
nuBbers  in  soil  around  the  roots  of  sweetgum  trees  parasitised  Iqr  this 
species.    This  is  the  InfeetlTe  stage  in  the  life  eyele.   After  hatching 
the  lanrae  are  quite  aotire  and  move  about  freelj. 

First  Molt 

The  first  Bolt  occurs  within  the  egg.    It  is  extraoMly  difficult  to 
see  and  reqiiires  the  i»e  of  the  oil  ixsnersion  objective  to  be  detected. 
Even  under  high  nagnifieation,  the  first  molt  was  seen  in  onJ^  two  of  the 
hundreds  of  Sphaeronema  whlttoni  eggs  examined.   When  the  BK>lt  was  ob- 
served^  the  thin,  transparent,  east  cuticle  could  be  seen  protruding 
beyond  the  head  of  the  ecnpletely  developed  larva  still  within  the  egg 
(Fig.  4)*    There  was  no  indication  that  the  tip  of  the  stylet  was  shed 
during  the  first  aolt.    The  molt  probably  occurs  prior  to  formation  of 
the  stylet  as  Christie  and  Cobb  (1941)  found  in  root-knot  nematode  larvae. 
However,  van  Weerdt  (1959)  found  that  the  degree  of  development  attained 
by  the  first  stage  larvae  of  Radopholis  similis  varied  prior  to  hatdi ing. 
He  found  most  first  stage  larvae  molted  prior  to  the  formation  of  the 
stylet,  but  some  molted  after  the  stylet  was  formed  and  a  BMlted  tip  of 
the  stylet  was  seen  attached  to  the  loosened  cuticle.    It  was  quite 
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Plgur*  4.  first  stag*  lainra  undergoing  th«  first  nolt  within  ths  egg 
Th«  old  cuticle  protrudes  beyond  the  nematode's  head.  (Approxioately 

aooo  Z) 
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possible  that  this  •Ituation  may  sxlst  in  S.  whittoni.   Du«  to  tho 
oboeurity  of  tho  ttrueturos,  it  mo  not  dotomlned  if  the  lining  of  ^e 
Mi|4d.dial  ducts  is  shed  during  the  first  nolt  in  S.  whitt<ml. 

Just  when  and  how  the  larra  escapes  f  ran  the  loosened  cuticle  was 
not  ascertained,  but  it  probably  occurs  within  the  egg.    Numerous  larvae 
at  irarious  stages  of  developannt  were  artificially  hatched  by  applying 
gentle  presstire  to  the  eorer  slip  with  a  dissecting  needle.    None  of 
these  larvae  was  enclosed  in  a  loosened  cuticle.    A  thin  film  of  material 
resasbling  a  molted  cutide  was  invariably  seen  within  the  egg-shells 
which  had  held  fully  developed  larvae.   The  ftilly  developed,  artifielally 
hatched  second  stage  larvae  were  characterised  by  the  presence  of  glo- 
bules of  unknown  composition  and  origin  in  the  poeudocoelmi  around  the 
esophagus  (Fig.  5).    These  larvae  were  otherwise  similar  to  naturally 
hatched  larvae.    Some  survived  artificial  hatching  and  some  were  observed 
to  undergo  further  development  to  become  EUiture  males.    All  larvae 
liberated  from  their  egg-shells  prior  to  stylet  formation  died  almost  as 
soon  as  they  were  free  of  the  egg.    These  larvae  were  characterized  by 
their  delicate  cuticles  which  were  damaged  by  the  slightest  pressure.  No 
east  cuticle  was  ever  found  in  the  egg-shell  of  a  well  developed,  arti* 
fieially  hatched  larvae. 

Mori^ology 

Certain  morj^ological  characteristics  have  already  been  discussed 
in  the  description  of  the  species. 
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Figure  5.    Artifiolally  hatched  second  stage  larva.    Globules  in  th« 
pseudocoel(«  bordering  the  esophagus  are  characteristic  of  prematurely 
hatched  larvae.    (Approxlaateljr  390  X) 
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Ejctemal  eoverlnn 

The  «xt«mal  cuticle  of  nonatodee  serree  these  anijaals  in  noeh  the 
MUM  Banner  as  does  the  exoskeletm  of  arthropods.    The  cuticle  covers 
the  body  and  lines  the  nouth,  anus^  and  TulTa  of  nsaatodes.    The  shape  of 
the  cuticle  not  only  gives  fom  to  the  body  but  acts  as  a  flexible  pro- 
tective sheath  and  place  of  attacynient  for  internal  organs.  Intenially, 
the  hypodermls  is  attached  to  the  cuticle  and  the  sooatic  Busculature  is 
attached  to  the  hypodemis.    The  cuticle  is  a  noncellular  layer  «^ich, 
according  to  Chitwood  and  Allen  (1959),  is  composed  of  various  sdero- 
proteins.    The  cuticles  of  nematodes  thus  far  studied  have  been  found  to 
be  layered.    For  example,  Chitwood  and  Chitwood  (1950)  state  that  the 
cuticle  of  Ascaris  lunbricoldes  is  composed  of  9  distinct  layers. 
RirsehiiHum  (1959)  found  the  cuticle  in  sale  Heterodera  glycines  and  adults 
of  Hoplolainus  tylenchifonnis  (Daday,  1905)  is  composed  of  3  layers.  The 
cuticle  usually  bears  transverse  striaticms  v^ieh  may  be  minute  or  coarse 
in  accordance  with  the  species.    Lateral  longitudinal  ridges  or  thicken* 
ings  marked  by  grooves  may  be  present  and  serve  as  supporting  structures. 
The  cuticle  may  bear  various  setae  and  glands. 

The  exterior  of  the  cuticle  of  second  stage  S.  whittoni  larvae  it 
narked  by  fine  transverse  stidations  or  annulations.    There  were  no 
lateral  longitudinal  ridges  visible.    Due  to  the  small  sise  of  these 
larvae  the  presence  of  cutlcular  layering  was  diffic\ilt  to  determine  even 
under  hi^er  magnificaticsi.    However,  the  reaction  of  the  cuticle  to  a  5 
per  cent  solution  of  sodium  hypochlorite  indicates  it  is  probably  eamr- 
posed  etf  2  or  more  layers  as  shown  by  the  following  experiments.  When 
•etive  larvae  were  placed  in  a  0.5  per  cent  solution  of  sodium 


hypochlorite  they  remained  alive  for  35  ninwtes.    After  30  adAutet  the 
iiesttes  of  the  eeophagus  became  disorganised  and  appeared  w>re  dense  than 
in  normal  speeiatcns.    The  appearance  of  this  tissue  was  sioilar  to  that 
Of  foraalin-fixed  speoiinens.   Thirty-five  odnutes  after  treatiMBt  there 
tMW  no  larval  movement  and  the  animals  were  dead.    One  hour  after  treat- 
ment the  intestinal  globules  of  the  nematodes  had  coalesced.    In  smm 
specimens  the  base  of  the  stylet  tip  was  evenly  and  smoothly  detached 
from  the  anterior  end  of  the  stylet  shaft.    The  cuticle  of  specimens 
tz>eated  with  0.5  per  cent  sodium  hypochlorite  was  not  visibly  affected* 

Larvae  placed  in  a  5  P«r  cent  sodium  hypochlorite  solution  were 
drastically  affected  within  a  few  minutes.    First,  a  few  larvae  extruded 
several  raall  globules  of  clear  material  throu^  the  anus.    The  effeet 
of  the  reagent  on  the  cuticle  was  quite  striking.   What  was  apparently 
the  outer  layer  rapidly  splintered  into  thin  strands  sometimes  the  length 
of  the  animal's  body.   These  strands  remained  attached  posteriorly  but 
pulled  away  from  the  anterior  part  of  the  body.    The  cuticular  layer 
adjacent  to  the  damaged  layer  remained  intact.    A  nematode  damaged  in 
this  manner  reminds  one  of  a  partially  peeled  banana.    After  the  sodium 
hypochlorite  entered  the  animal's  body  the  internal  structures  brdce  down 
leaving  the  thin  cuticular  sheath. 

When  S.  whittoni  larvae  were  heated  for  10  minutes  at  65^  C  prior  to 
treatment  with  5  per  cent  sodi\aoi  hypochlorite  the  splintering  phenomenon 
occurred  as  it  had  with  tmheated  larvae.    However,  in  heated  specimens 
the  inner  cuticular  layer  remaining  after  splintering  of  the  outer  layer 
had  occurred  was  also  destroyed.    Chitwood  (1936)  caiducted  eaqjeriments 
on  the  eutide  of  Ditylenchus  dipsaci  in  i^ieh  he  found  the  outer  layer 
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of  the  cuticle  to  be  a  thensolabile  oMibrane  which  governs  permeability. 
He  found  this  outer  layer  was  not  destroyed  by  sodium  hypochlorite  unless 
the  specimens  were  heated  to  65°  C  for  10  minutes  prior  to  treatment. 
Uirsehmann  (1959)  treated  males  of  Heterodera  glycines  and  adults  of 
Hoplolalffius  tylenchifomds  with  5  per  cent  sodium  hypochlorite,  ^e, 
too,  found  the  outermost  layer  was  not  destroyed  in  the  two  species  she 
twted  unless  the  specimens  had  been  heated  prior  to  treatment. 

S.  whittoni  larvae  were  killed  after  approximately  30  minutes  eaqpo- 
sure  to  O.2I1I  HCl.    Ten  minutes  after  immersion  in  the  acid  the  worms 
began  to  coil  tightly.   Most  Bovemmat  was  restricted  to  the  posterior 
third  of  the  body.    Vacuoles  formed  in  the  pseudocoelom  near  the  stylet 
and  the  intestinal  globules  coalesced.    The  cuticle  became  separated  froa 
the  hypodermis  in  the  anterior  portion  of  tiie  body  after  approxiautely 
40  minutes  in  the  acid.    The  body  next  became  shrunken  and  distorted. 
The  eutids  was  not  broken  down  or  dissolved  by  0.2N  HCl. 

Larvae  imBsrsed  in  cmeentrated  HCl         killed  almost  lansdiately 
and  the  intestinal  globules  coalesced.    After  2  hours  the  cuticle  was 
detached  from  the  body  in  most  areas.    The  cuticle  extended  outward  from 
the  body  in  large  bulges.    This  probably  resulted  from  the  cuticle  being 
separated  froa  the  hypoderais  and/or  the  soaatie  muscle  layer. 

CetAmlic  region 

The  labial  region  is  not  set  off  from  the  body.    There  are  6  small 
lips  which  are  difficult  to  see  in  face  view.    The  amphidial  openings  are 
shall  pores  at  the  base  of  the  lateral  lips.    1  was  not  able  to  see  any 
labial  papillae  but  these  structures  may  be  present  thou|^  small  and 
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dlffloult  to  SM.    Th«  eontotir  of  the  lip  region  Is  not  anooth  and 
rotmded  in  lateral  view  bixt  is  characterised  bgr  a  shallow  ?->shap«d  Inden- 
tation at  the  stoma. 

^        The  e^ihalie  fraakewox^  is  so  weak  and  obseiire  on  seccmd  stage  S. 
whittoni  larvae  that  little  of  its  structure  could  be  determined. 

Cei^iallds .    In  morphological  studies  on  males  of  Heterodera  glycines 
and  H.  trifojlii  Hirsehaann  (195^)  noted  a  previously  unrecorded  stnrature 
>  in  the  head  region.    She  briefly  described  it  as  a  bicoriTex  band  extend- 
I  ing  around  the  body  between  the  cuticle  and  the  hypodemal  layer.  She 
Studied  this  structure  thoroughly  (Hirschmann,  1959)  and  found  that  there 
are  2  such  bands  a  tm  body  annules  apart  in  the  head  region  of  Hoplo- 
laimus  tylenchlfomis  and  sereral  species  of  Heterodera.    In  her  earlier 
studies  she  had  obserred  only  the  posterior,  or  second,  band  from  the 
anterior  end  of  the  body.    In  1959,  Dr.  Hirschmann  suggested  the  term 
/■ee^^lid"  for  each  of  these  rings.   The  one  closest  to  the  lip  region 
J  is  the  anterior  cephalid  and  the  posterior  eephalid  is  located  a  short 
distance  to  the  rear  of  the  firet.    In  her  1959  paper,  Hirschmann  states 
that  the  hypodermal  chords  begin  at  the  anterior  eej^lid  and  the  2 
median  chords  start  at  the  posterior  cephalid   She  coflanents  that  the 
biological  function  of  the  cephalids  is  not  understood.    They  may  have 
■QMi  sensory  function  or  arise  from  attachment  of  organe  to  the  body  wall. 

Two  cei^allds  are  present  on  second  stage  larvae  of  S,  whittoni. 
These  structures  are  visible  with  an  oil  iMRersion  Irnis  cm  most  living 
lAmnc  and  can  almost  always  be  seen  on  specimens  stained  with  cottcm-blue 
laetoi:^enol.    In  these  larvae  the  lateral  hypodermal  chords  have  their 
beginning  idiere  the  anterior  cephalid  circles  the  body  and  the  dorsal  and 
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T«ntral  ehorda  begin  where  the  posterior  eephalid  circles  the  body. 
These  relationships  can  be  seen  on  speeimmns  in  a  direct  dorsal  or  Ten- 
tral  view  and  a  direct  lateral  view.    This  is  consistent  with  Hirsch- 
■ann's  finding  in  the  species  in  which  she  studied  the  eephalids.    In  S. 
whittoni  the  anterior  eephalid  is  located  5  yu  from  the  anterior  end  of 
the  body  and  the  posterior  eephalid  is  13  fx  fr<Ma  the  anterior  end. 

Headgonid 

The  small  hemizonid  of  second  stage  S.  KAilttoni  larvae  is  located 
2  body  annules  anterior  to  the  excretory  pore.   When  speclnens  are 
viewed  in  a  lateral  position  it  is  a  structure,  biconvex  in  section, 
located  between  the  outiele  and  the  hypodemal  layer.    Gfoodey  (1951) 
states  that  the  heoiscHiid  of  neaatodes  he  studied  could  be  seen  extmding 
aroxmd  the  ventral  side  of  the  body  and  ending  approxlBiately  at  the 
lateral  field  on  either  side.    Hirschnann  (1959)  found  the  hemizonid  on 
neaatodes  she  studied  had  approxiaately  the  saae  dianeter.    Beeaxise  of 
the  aaall  size  of  S.  whittoni  larvae  I  would  see  the  hemizonid  only  on 
specimens  in  lateral  view.    The  structure  was  (mly  visible  in  optical 
section  and  I  could  not  determine  whether  it  extended  up  to  the  lateral 
field  on  either  side  of  the  aniaal. 

Digestive  system 

Stylet.    The  stylet  of  the  larvae  is  trom  16  -  19.9  /a.  long.  The 
tip  of  the  stylet  is  47  -  56  per  cent  of  the  total  length  and  has  stylet 
knobs  whieh  are  characteristically  rounded  swellings.    In  overall  appear- 
ance the  stylet  is  rather  strong  and  stout  (Fig.  10).    It  seeas  likely 
from  the  effects  of  certain  reagents  on  the  stylet  that  the  stylet  tip  is 


ccmposed  of  dlfferont  material  fron  the  shaft  and  knobs.    Because  of 
dissolving  action  of  NaOCl,  the  stylet  tip  and  shaft  became  evenly  and 
cleanly  detached  as  though  they  had  been  cut  apart  with  a  sharp  instru- 
Mat  idim  larme  vers  treated  in  0*5  P«r  cent  NaOCL  for  2  hours.  The 
•tylet  shaft  and  knobs  rapidly  dissolved  when  the  worms  were  treated  with 
5  per  cent  sodium  hypochlorite.    The  tip  persisted  for  sone  time.  The 
stylet  was  not  visibly  affected  by  0.2N  HCl.    Fifteen  minutes  treatoent 
of  the  larvae  with  concentrated  HCl  caused  the  shaft  and  knobs  to  change 
from  opaque  to  quite  transluscent  in  appearance.    The  shaft  shrank 
•lightly  in  length  and  had  sharp  transverse  ridges  encircling  it.  After 
5  hours  the  shaft  and  knobs  were  completely  dissolved  with  the  tip 
showing  no  effects  fz^>m  the  acid. 

Exposure  of  larvae  to  boiling  distilled  water  for  1  minute  did  not 
visibly  affect  the  stylet.  When  larvae  were  placed  for  1  minute  in  hot 
0.1  per  cent  cotton-blue  lactophenol  or  clear  laotophmol  the  shaft  and 
knobs  of  the  stylet  were  affected  in  a  manner  similar  to  those  of  nraa- 
tedes  treated  with  concentrated  HCl.  The  shaft  and  knobs  became  txtms- 
lucent  and  distorted.  The  shaft  frequently  resembled  the  letter  Z  in 
shape.  The  shaft  and  knobs  of  the  stylet  of  larvae  mounted  in  clear 
lactojp^enol  were  dissolved  and  no  longer  visible  approximately  2  months 
after  the  slides  were  made. 

Esophagus.    The  esophagus  or,  properly,  the  pharynx,  is  typically 
tylenchoid.    It  measures  from  100  ja  to  143  /i  in  length.    The  slender  pre- 
eorpus  is  attached  to  the  stylet  knobs  and  appears  to  be  nascular.  It 
is  approxioiBtely  40  /i  long  and  approximately  5  }i  wide.    The  median  bulb 
is  rather  slender,  being  from  7  "  10  jx  wide  and  approximately  14^  long. 


Th«  auseulature  of  the  median  bulb  Is  well  developed  and  the  sclerotised 
V&lre  is  prominent.    Posterior  to  the  median  bwlb  is  a  well  defined 
isthmus  irtiieh  merges  into  the  3  esophageal  gland  cells.    The  boundaries 
of  these  3  cells  are  obso\ire  but  the  nuclei  are  large  and  conspicuous. 
The  gland  cells  overlap  the  anterior  portion  of  the  intestine.    The  lumen 
of  the  esophagus  is  well  defined  but  its  Junction  with  the  intestine  is 
obscure  and  was  not  observed.    The  orifice  of  the  dorsal  gland  was    •  ' 
obscure  in  most  specimens  examined  even  under  970  x  magnification.    On  ' 
specimens  in  which  it  could  be  seen,  the  orifice  was  3     posterior  to 
the  stylet  knobs.    The  orifices  of  the  two  subventral  esophageal  gland 
ducts  leading  into  the  esophageal  lumen  in  the  corpus  is  a  characteristic 
typical  of  the  tylenchoid  esophagus.    The  openings  of  these  two  duots 
were  never  observed  in  S.  >rtiittoni  and  if  present  mast  be  of  small  site. 

Intestine.    The  straight  tubular  intestine  of  the  larvae  is  not 
eharacterised  by  any  unique  features.    As  in  most  soil- inhabiting  nema- 
todes the  intestine  of  3.  whitt<»ii  larvae  is  attached  anteriorly  to  the 
base  of  the  esophagus.    Throughout  most  of  its  length  it  lies  free  in  the 
pseudocoelom.    Posteriorly,  the  intestine  is  connected  to  a  small  rectum 
which  opens  externally  through  the  anus.    The  anus  is  an  obscure  trans- 
verse slit  in  the  cuticle.    The  intestine  is  packed  with  dark  globules  in 
newly  hatched  and  feeding  larvae.    As  is  also  the  case  with  most  soil 
nematodes,  these  intestinal  globules  are  depleted  in  starved  specimens 
and  the  intestine  becomes  translucent.    When  S.  whittoni  larvae  were 
treated  with  heat,  acid,  alkali,  or  placed  in  lethal  concentrations  of 
sodium  chloride,  the  intestinal  globules  coalesced  and  the  worms  died. 
Nematodes  treated  with  NaCl  sometimes  could  be  revived  by  being  placed 
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in  tap  vat«r,  if  th«  eoalese«nce  was  not  very  axtenslve.    This  it  eonals- 
t«nt  vith  the  obserrations  nade  Ytj  ran  Waerdt  (1959)  on  the  reactions  of 

Radopholus  aindlls  to  various  concentrations  of  sodium  chloride. 

Excretory  system 

According  to  ChitMood  and  Chit%K>od  (1950)  the  tylenchoid  excretory 
systnn  is  asymmetric ,  being  ccmposed  of  a  well  developed  terminal  duct 
leading  posteriorly  to  a  canal  in  one  of  the  lateral  (usually  the  left) 
chords.    The  canal  may  occasionally  be  in  the  right  lateral  chord.  This 
position  varies  not  only  with  species  and  strains  but  also  among  members 
of  a  population.    The  canal  extends  both  anteriorly  and  posteriorly  from 
the  Junction  with  the  terminal  duct.    The  tenoinal  duet  has  a  small 
nucleus  in  its  wall  and  the  lateral  canal  has  a  large  sinus  nucleus. 

In  3.  whittoni  second  stage  larvae  the  oonspieuous  tenainal  duct 
empties  externally  throtigh  a  small  round  excretory  pore.   This  pore  is 
located  on  the  ventral  side  of  the  animal  Just  posterior  to  the  hemisonid. 
After  extending  dorsally  from  the  pore  for  approximately  3  ^  the  terminal 
duet  can  be  seen  extending  posteriorly  until  its  course  is  obscured  by 
the  anterior  md  of  the  intestine.    In  live  specixaens  treated  with  neutral 
red  and  methylene  blue  to  accentuate  the  structures  of  the  excretory 
system,  no  structure  other  than  the  terminal  duet  could  be  seen.  This 
was  probably  because  of  the  small  slse  of  the  larvae.    If  the  terminal 
duct  does  emmeet  with  a  canal  in  one  of  the  lateral  chords,  as  is 
characteristic  of  the  tylenchs,  the  connection  could  not  be  seen  in  S. 
whittoni  larvae. 
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iiervDtta  syatwa  and  sensory  orgaiui 

The  nerve  ring  encircles  the  isthBUS  of  the  esophagus  Jixst  posterior 
to  the  corpos.    It  is  approximately  7 wide.    It  can  be  seen  on  living 
specimens  under  970  x  nagnif  icaticm  as  a  transparent  band  around  the 
esop^gus.    Because  of  the  small  size  of  the  larvae  no  attempt  was  aade 
to  study  the  nerves  comeeted  to  the  nerve  ring. 

The  anqphidial  openings  are  small  round  pores  at  the  base  of  the 
lateral  lips.    No  amphidial  pouches  could  be  seen. 

Phasmids  are  very  obscure  on  these  larvae  and  were  seen  only  in 
ventral  view  on  only  3  of  the  hmdreds  of  specimens  examined.  Each 
jfdiasmid  appeared  as  a  short  duct  opening  laterally  through  a  tiny  round 
pore  approximately  25  ^  from  the  tail  tip.    The  right  and  left  pores 
wex>e  not  directly  opposite  one  another.    One  usually  was  approximately 
3  Ji  anterior  or  posterior  to  the  other. 

No  labial  papillae  were  observed  on  the  specimens  studied. 

Reproductive  system 

Th9  genital  pirimordium  in  newly-hatched  second  stage  larvae  consists, 
as  it  does  in  first  stage  larvae,  of  four  cells.    The  sexes  cannot  be 
distinguished  at  this  stage.    This  group  of  4  cells  measures  11  ;a  by  6^ 
in  sise.    It  is  located  on  the  ventral  side  of  the  animal  120 ji.  from  the 
tail  tip.    The  genital  primordium  is  best  observed  in  specimens  seen  in 
lateral  view.    There  is  no  Inerease  in  the  sise  of  the  genital  prianrdiTaa 
until  molting  begins. 

Sex  ratio 

No  visible  ffloridiological  differences  betwem  the  sexes  of  second 


•tags  S.  whltt<ml  larvae  could  be  detected.    Whwi  the  larvae  were  kept 
In  tap  water  the  sexes  could  be  separated  only  when  the  oale  larvae 
began  the  changes  associated  with  the  second  oolt.    Because  female 
second  stage  larvae  underwent  no  developoent  in  the  absence  of  food, 
molting  in  tap  water  was  indicative  that  a  larva  was  male.    Of  1,5^3 
second  stage  larvae,  1,235*  or  78  per  cent,  rraained  unchanged  and  were 
presunably  foaale.    Further  observations  conflmed  these  ooxmts  and 
established  the  sex  ratio  to  be  22  per  cent  male  and  78  per  cent  f«aale. 

Physiology 

Response  to  dessication 

S«ae  of  the  Tylenchida  are  able  to  resist  dessication  for  long 
periods  of  tine,    Christie  (1959)  revived  Aphelenchoides  riteeaabosi 
(Schwartz,  1911)  in  ohrysantheonim  leaves  dried  for  16  laonths  by  moisten- 
ing the  leaves.   Fielding  (1951)  found  viable  larvae  of  Anguina  tritici 
(Stelnbuch,  1799)  in  irtieat  galls  %Aiich  had  been  in  dry  storage  for  28 
years.   When  larvae  of  Ditylenchus  dlpsaci  (Kuhn,  1857)  are  subjected  to 
unfavorable  conditions  of  moisture,  tmnperature,  or  toxic  naterialSf 
th^  congregate  in  masses  called  "curds"  or  "nema  wool."    These  gray- 
white  masses  are  large  enough  to  be  seen  with  the  naked  ^e.  These 
massed  larvae  pass  into  a  quiescent  state  in  which  th^  are  resistant  to 
dessication  and  other  adverse  environmental  ccmditions.    When  the  eiirds 
are  within  plant  tissue  the  larvae  can  withstand  long  periods  of  drought. 
Fielding  also  revived  D.  dipeaci  larvae  from  the  heads  of  fuller's 
teasel  held  in  storage  for  23  years.    Steiner  and  Albin  (1946)  recorded 
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what  is  probably  the  longest  period  of  sui^iral  of  a  nematode  in  dessi- 
eated  plant  naterial.  Prcmi  a  39-year~old  herbarium  specimen  consisting 
of  a  rye  seedling  leaf  they  revived  5  specimens  (2  females  and  3  larva) 
of  Tylench\is  T»lyfaypnus  (Steiner  and  Albin,  1946). 

£xperlA8nt8  were  conducted  to  study  the  response  of  second  stage 
S»  >^>^it^oni  larvae  to  dessioation.    In  the  first  eaqperlment,  25  second 
it«g«  larvae  of  various  ages  were  placed  singly  in  a  drop  of  water  on  a 
depression  slide  and  all  but  a  thin  film  of  water  was  removed  with  a 
fine  pipette.    In  order  to  Insure  rapid  evaporation,  the  slides  were  not 
covered.    The  reactions  of  the  worms  were  observed  under  430  x  magnifica- 
tion.   As  long  as  a  thin  film  of  water  remained  over  the  animals  they 
noved  normally.    As  soon  as  the  rapidly  evaporating  film  of  moisture  was 
gone  the  larvae  underwent  a  series  of  abrupt  and  drastic  changes.  All 
■ovwent  ceased  and  the  body  became  shrunken  and  distorted.    If  water  was 
added  to  the  slide  before  the  worm  was  too  badly  damaged  the  animal 
sometimes  became  active  again.    In  most  eases  the  changes  were  irreveiN* 
sible.    The  dead  nonatodss  were  shrunken,  distorted,  and  the  intestinal 
globules  had  coalesced. 

In  the  second  experiment,  25  second  stage  larvae  of  various  ages 
were  placed  singly  in  a  drop  of  water  on  a  depression  slide.    Each  slide 
was  placed  cm  glass  supports  In  a  covered  petz*i  dish  containing  a  small 
amount  of  water.    The  dishes  were  kept  at  room  temperature.    At  the  end 
of  approximately  2  weeks  the  moisture  on  the  slides  and  In  the  dishes  had 
evaporated  and  the  nematodes  were  dead.    None  revived  when  moistened. 

None  of  the  isolated  S.  whittcaii  larvae  survived  the  rapid  or  slow 
drying  \mder  the  conditions  of  these  experiments. 


To  teat  th«  effects  of  drying  on  grouped  larvae,  4  groups  of  25 
larrae  wez>e  placed  on  depression  slides  and  nost  of  '^e  iiater  was  removed 
as  in  the  first  experiment.    None  of  the  larvae  could  be  revived  in  3  of 
the  slides.    Three  individuals  on  the  fourth  slide  were  revived  and  lived 
a  short  while.    These  3  were  beneath  the  other  larvae  in  their  group  and 
were  thus  apparently  kept  somemdiat  moist  while  those  on  the  outside  of 
the  group  dried. 

In  the  final  eaqperimrot,  4  groups  of  25  larvae  were  treated  as  the 
single  larvae  were  treated  in  the  seoond  experiment.    After  approximately 
2  weeks  wh«i  the  slides  were  dry  no  wonas  in  any  of  the  4  groups  could  be 
revived. 

niese  experimental  results  indicate  that  the  second  stage  larvae  of 
S.  i^ittoni  lack  the  ability  to  withstand  dessicatiwi  under  the  condi- 
tions of  these  experiments.    This  was  confirmed  by  trying  to  revive  spe- 
ciMens  which  had  been  dried  in  soil.    They  also  failed  to  revive. 

Response  to  temperature 

The  use  of  heat  to  kill  nematodes  infecting  plants  is  one  of  the 
oldest  control  methods  used  against  these  plant  parasites.    The  thenaad 
death  points  of  wmy  plant  parasites  have  been  studied,    Christie  (1959) 
discussed  the  amount  of  heat  and  time  of  exposure  necessary  to  kill 
various  plant  parasites  within  plant  tissues  without  damaging  the  host. 
Lethal  traiperatures  to  variotis  nematode  species  ranged  froo  43®  C  for  30 
minutes  to  54.4®  C  for  60  seconds.    The  effect  of  temperature  on  the  life 
oycle  of  Radopholus  similis  was  studied  by  van  Weerdt  (1959).    He  reported 
24®  C  to  be  the  optimum  tenperature  for  developawit  of  this  species. 
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The  response  of  second  stage  S.  vrtilttoni  larvae  to  4  different 
temperatures  was  studied.    Facilities  were  not  aTailable  for  studying 
the  response  of  the  nematodes  to  a  wide  range  of  cmstant  temperatures 
only  a  few  degrees  apart.   Therefore,  the  k  available  tenqperatures  used 
were  widely  separated.    Four  groups  of  100  12-hour-old  larvae  were  held 
at  5®  C,  24®  C,  32<»  C,  and  45®  C,  respectively. 

Ninety-three  nematodes  survived  for  4$  days  at  5®  C.    The  nematodes 
were  immobile  >rtiile  in  water  at  5®  C,  but  slowly  became  active  when  -  .  : 
warned  to  room  temperature  (24^  C).    Body  movements  during  warming  were 
qttite  characteristic.    The  first  movement  usually  noted  was  the  bending 
of  the  posterior  quarter  of  the  body  ventrally  to  approximately  90°  to 
the  main  body  axis  followed  by  a  slow  straightening.    This  was  usuall/ 
rtpoated  several  tlm».   The  worms  then  slowly  fomed  the  approximate 
middle  half  of  the  body  into  an  elongate  S  with  the  anterior  and  poster^ 
lor  quarters  of  the  body  held  along  the  line  of  the  longitudinal  axis. 
After  ai^roximately  JO  minutes  of  this  type  mov«Kent  tjie  animals  moved  in 
a  normal  undulating  motion. 

None  of  the  larvae  held  at  5®  molted.    When  the  larvae  died,  the 
intestines  still  contained  numerous  globules.    This  would  indicate  death 
probably  did  not  resiilt  from  depletion  of  stored  food  in  the  gut. 

Ninety-flTe  of  the  larvae  in  the  group  held  at  24®  C  lived  more  than 
60  days.    Five  died  at  the  end  of  the  first  30  days  of  the  experimwit. 
Twenty  of  the  95  larvae  whiuh  survived  60  days  underwent  3  molts  to  b**< 
come  mature  males.    Larvae  were  aetlTO  during  most  of  the  eourse  of  the 
experiment.    The  nematodes  irtiich  survived  the  60-day  period  had  very  few 
globules  within  their  intestines.    The  r«Baining  70  died,  apparently  as 


a  result  of  starvaticm  because  the  Intestines  of  dead  woras  were  hyaline. 

None  of  the  100  larvae  held  at  32^  C  survired  otore  than  30  dajrs.  No 
nolting  occurred  in  any  of  the  larvae.    Prior  to  death,  larvae  had  glo- 
bules within  their  intestines  bat  the  tissues  in  the  anterior  and  of  the 
bo(ty  were  abRonsal  in  appearanee,  being  nore  opaque  than  In  healthy 
specimens.    There  were  saall  Tacuoles  within  the  body  cavity  in  this 
region.    Death  of  the  nematodes  held  at  yfi  C  was  apparently  due  to 
damage  caused  by  the  tsmperature  and  not  a  result  of  starvation  as  tho 
intestines  contained  aany  globules. 

All  larvae  held  at  45^  C  died  after  approxiBiately  10  minutes  expo> 
sure  to  the  heat.    These  specintens  were  damaged  in  the  same  manner  as 
those  held  at  32°  C.    The  esqMCure  to  45*^  C  for  10  minutes  also  caused 
extofisiTS  coalescence  of  intestinal  globules. 

'Ric  results  of  these  e:3qperiment8  are  suoraarised  in  Table  1,  , 

TABLE  X 

SURVIVAL  TIME  OP  LARVAE 
HELD  AT  POUR  TEMPERATURE  LEVELS 


Temperature  Tins  of  Survival  Molting  of  Males 

5®  C  45  days  .  m 

24®  C  60  days  ♦ 

32®  C  30  days 

45®  C  10  minutes  • 


As  the  data  in  Table  1  indicate,  24°  C  was  the  most  ideal  tempera* 
txire  of  those  tested  for  the  larvae.    They  survived  longest  at  thi» 
temperature  and  the  male  larvae  molted.    Death  of  larvae  at  240  C  was 
apparently  due  to  starvation  as  indicated  by  the  depletion  of  Intestinal 
globules.    Death  of  larvae  at  5**  C,  32°  C,  and  45®  C  was  possibly  a  re- 
sult of  adverse  temperature  as  starvation  was  not  indicated  liy  the 
absence  of  globules  in  the  intestines  of  the  dead  vom».    Molting  appar- 
ently could  not  occur  at  temperatures  as  low  as  5°  C  and  as  high  as  32®  C 
although  the  larvae  lived  long  enough  to  molt.    Because  of  the  rapid  kil- 
ling at  45®  C,  Bolting  could  not  have  occurred  at  this  temperature.  Had 
further  tenq7eratur«  studies  been  conducted,  the  range  of  temperatures 
around  24®  C,  at  which  larvae  are  not  daaiaged  by  temperature  effects, 
could  probably  have  been  ascertainsd.  ^ 

Experiments  were  conducted  to  determine  if  larvae  could  withstand 
freesing  or  if  they  would  be,  like  many  organisms,  fatally  damaged  Iqr 
it.    Larvae  were  sxibjected  to  freesing  in  tap  water  in  BPI  dishes  in  the 
refrigerator  for  periods  of  15,  30,  and  60  minutes.    A  few  larvae  could 
be  revived  for  a  short  while  after  having  be«i  frosen  15  minutes.  How- 
ever, they  lived  only  a  few  minutes.    None  could  be  revived  after  30  and 
60  minutes  freezing. 

Response  to  oaaotic  concentration 

Because  soil  nematodes  inhabit  the  moisture  phase  of  the  soil,  and 
this  soil  moistxire  contains  various  dissolved  salts  and  other  substances, 
nematodes  come  into  ocaitaet  with  varying  osmotic  pressures.  Machmer 
(1958)  conducted  field  experiments  in  citrus  and  papaya  plantings  in  which 


he  studied  the  effect  of  tolerable  soil  salinity  on  nematode  population 
numbers.    He  reported  nematodes  In  salt-treated  plots  to  be  3  or  loore 
times  as  numerous  as  in  the  cheek  plots.    Twenty  times  more  Tylenchulut 
pemipenetrans  were  recovered  in  the  upper  2  1/2  inches  of  soil  in  the 
salt-treated  plots  than  In  the  cheeks.    The  tolerance  of  Radopholus 
simllis  to  various  osmotic  concentrations  of  NaCl  in  vitro  was  investi- 
gated by  van  Weerdt  (1959).    He  found  this  species  could  not  tolerate 
KaCl  concentrations  higher  than  2  per  cent.    At  2,5  and  3  per  cent  the  ' 
animals  were  visibly  affected  and  some  were  killed  after  48  hours.  Most 
specimens  could  be  revived  when  transferred  to  deionized  water.  The 
nematodes  were  always  killed  at  concentrations  of  4  per  cent  NaCl  and 
above. 

The  following  experiment  was  conducted  to  study  the  reactions  of 
seccMid  stage  S.  whittonl  to  various  concentrations  of  NaCl  and  to  learn 
the  range  of  NaCl  concentrations  in  water  tolerated  by  the  larvae.  Ten 
dlffvrent  concentrations  of  NaCl  from  0  to  1,(M  as  shown  in  Table  2  were 
prepared  using  deionized  water.    One  ml  of  each  of  these  concwitrations 
was  added  to  a  BPI  watchglass.    The  watchglasses  were  then  placed  on 
moist  filter  paper  in  petri  dishes  and  10  active  larvae  were  put  in  eaeh 
solution.    Four  replicates  were  made  of  each  concentration.  Observations 
were  made  of  the  larvae  under  the  stereoscopic  microscope  after  1,  6,  18, 
24,  and  48  hours.    Individuals  showed  some  difference  in  reaction  to  the 
same  osmotic  concentration  of  NaCl  but  there  was  no  apparent  difference 
between  replicates. 

Because  S,  whittonl  did  not  survive  the  lowest  (O.IN)  concentration 
of  NaCl  beyond  6  hours,  a  siailar  ejqperimsnt  was  conducted  to  determine 
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LEGEND  FOR  TABLE  2 

(-*-}   Indioates  no  Tisibic  affect  of  NaCl.    Larvae  oovizig  noraalljr  when 
ecMBpared  to  eontrols. 

(o)    Indicates  that  noTenent  was  absent  or  slight.    Vacuoles  present 
in  body  cavity  near  anterior  end  of  esojdiagus.    Bodies  SMvetime* 
curled,  often  somewhat  shrunken.    Some  coalescence  of  intestinal 
globules.    Larvae  in  this  category  were  iHjvived  when  placed  in 
delonised  water.    .  ' 

(-)    Indicates  no  movement.    Larvae  relaxed  with  bodies  outstretched 
and  shrunken.    Vacuoles  present  in  anterior  poHlon  of  body 
cavity.    Intestinal  globules  coalesced.    Larvae  failed  to  revive 
when  transferred  to  deionized  water. 
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TABLE  2 

REACTION  OF  S.  WHITTONI  LARVAE 
TO  INCRMSING  COIjCENTRATIONS  OF  AQUEOUS  MACL  SOLUTIONS 
CORRELATED  WITH  TIME 


Concentrations 
OX  Aqueous  natiX 
l>y  Normality 

X 

4 

Time  In  Hours 
It 

40 

'    '    •  0,0 

♦  ■ 

♦ 

0.012 

♦ 

♦ 

♦ 

♦ 

0,025 

♦ 

t 

♦ 

0.05 

♦ 

♦ 

♦ 

O.I 

• 

mm 

0.2 

0.3 

• 

0.4 

0.5 

0.6 

«* 

0.7 

•» 

0.8 

0.9 

• 

* 

1.0 

19 

tolerance  to  lower  concentrations.    In  the  second  experiment  the  eoncan- 
trations  of  NaCl  used  were:    0.05N,  0.025N,  and  O.OiaJ,    The  results  of 
these  two  experiments  are  combined  in  Table  2, 

The  data  in  Table  2  indicate  that  S.  whittoni  larvae  have  littl« 
tolerance  for  NaCl  concentrations  higher  than  0.05N  NaCl.    Nematodes  were 
strongly  affected  by  O.IK  NaCl  and  were  killed  after  18  hours. 

Response  to  drugs 

Considerable  work  has  been  done,  particularly  in  England,  on  the 
effect  of  z^t  exudates,  and  certain  chemicals  isolated  from  them,  on  the 
hatching  of  various  cypt  nematode  eggs.    Work  has  also  been  done  on  the 
action  of  materials  as  attractants  to  larvae.    However,  little  has  been 
done  in  the  way  of  studying  the  effects  of  various  drugs  on  the  larrae 
thenaelves.    I  found  no  reports  in  the  literature  of  experiments  in  which 
•oil-inhabiting  nonatodes  were  treated  with  various  drugs  and  their 
reactions  studied.    Therefore,  I  thought  it  wotild  be  interesting  to  treat 
second  stage  S,  ^rtiittonl  with  certain  drugs  known  to  affect  animal  ner- 
vous systems. 

Larvae  were  treated  at  room  temperature  with  aqueous  solutions  of 
adrenalin,  acetylcholine,  atropine,  nicotine,  and  strychnine  sulfate. 
The  following  procedure  was  used  to  test  the  larvae  in  each  of  these 
materials.    Ten  second  stage  larvae  of  various  ages  were  placed  with  a 
pick  in  a  drop  of  the  test  material  in  a  depression  slide  and  their 
reactions  observed  through  the  compound  microscope  using  430  x  magnifica- 
tion.   Ten  larvae  were  placed  in  a  drop  of  tap  water  and  served  as  con- 
trols.   Each  experiment  was  repeated  3  times* 
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Adrenalin.    Larvae  were  treated  with  an  adrenalin  solution  of  1  part 
per  1000.    The  noaatodes  began  reacting  to  the  adronalin  within  1  sdnute 
after  the  experiment  began.    The  following  behavior  of  1  larva  was  typi- 
m1*   The  animal  began  to  coil  its  body,  at  first  rather  loosely  but  with 
the  coils  becoming  tighter.    Then  the  body  was  straightened  and  a  series 
of  Jerky  movements  occurred  similar  to  those  eadiibited  by  worms  Just 
prior  to  death  from  gentle  heat.    This  behavior  continued  for  approxi- 
mately 12  minutes.    After  this,  the  worm  straightened  the  body.  The 
extrone  anterior  portion  was  then  turned  sharply  so  that  the  head  was 
directed  posteriorly.    The  head  was  further  turned  until  it  was  held 
against  the  body  approximately  at  right  angles.    (This  configuration  in 
which  the  body  was  straight  and  the  extreme  anterior  part  formed  a  tight 
loop  was  peciillar  to  adrenalin-treated  larvae. )    The  animal  remained  in 
this  position  with  only  an  occasional  slight  jerity  movement  of  the  body 
for  approximately  3  minutes.    After  this  the  body  became  straightened  and 
the  anterior  end  continued  to  Jei4c  slightly  from  side  to  side.    After  20 
minutes  in  the  adrenalin  the  nematodes  ceased  to  move.    All  had  vacuoles 
in  the  body  cavity  at  the  anterior  part  of  the  body.    These  vacuoles 
first  became  visible  as  small  round  bubbles  in  the  body  cavity  at  the 
level  of  the  knobs  of  the  stylet.    They  slowly  increased  in  sise  becoming 
approximately  5  ju  wide  and  10  ji  long.    Three  such  vacuoles  usually  formed 
in  tandem  and  moved  slowly  in  a  posterior  direction.    When  nematodes  were 
transferred  to  tap  water  for  approximately  20  minutes  they  began  moving 
normally  and  the  vacuoles  slowly  decreased  in  size  until  no  longer  vi- 
sible.   The  cause  of  the  formation  of  these  vacuoles  is  not  known.  Simi- 
lar vacuoles  were  noted  in  larvae  treated  with  certain  materials  other 
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than  adrenalin.  ' 

The  visible  results  of  the  influence  of  adrenalin  on  larvae  In  this 
ejqjeriment  were  abnormal  body  movanents  and  the  appearance  of  vacuoles  in 
the  body  cavity.    The  alwiormal  nwvement  noted  in  the  body  appairently  re- 
sulted from  the  adrenalin's  Influence  on  the  somatic  muscles  or  nerves 
inneirvating  the  somatic  musculature. 

Ifcitreated  larvae  were  stained  to  detect  the  presence  of  adrenalin 
in  the  tissues  using  the  method  suggested  by  GSomori  (1952).    Fresh  lar- 
vae were  fixed  in  Regaud's  mixtvire  (10  per  cent  fornalin  containing  5 
per  cent  K2CT^f)  and  mounted  cm  slides  for  examination,    Li^t  brown 
shaded  areas  Indicated  the  presence  of  adrenalin.    Such  coloring  in  the 
somatic  muscle  sheath  was  more  prevalent  in  the  anterior  region  of  th«  ' 
boc^  but  was  present  throughout  the  entire  length.    Tliere  was  no  positive 
reaction  for  adrenalin  in  the  nerve  ring  of  stained  larvae. 

Acetylcholine.    Ten  minutes  after  being  placed  in  an  acetylcholine 
solution  of  1  part  per  1,CXX),000  the  larvae  became  quiescent  with  their 
bodies  loosely  colled  or  S-shaped.    After  approximately  25  minutes  in 
the  solution  each  larva  began  slow  stylet  thrusts.    The  tip  of  the  stylet 
was  protruded  about  3 /i  at  each  thrust.    Small  vacuoles  similar  to  those 
noted  in  adrenalin-treated  larvae  formed.    Forty-five  minutes  after  the 
•jqjeriment  began  the  stylet  thrusts  averaged  one  every  10  seconds  or  6 
per  minute.    Fifty-five  minutes  after  the  experiment  began  the  stylet 
thrusts  were  occurring  at  the  rate  of  30  per  minute.    Periods  of  stylet 
activity  averaged  3  minutes  in  duration  followed  by  rest  periods  of  about 
1  minute.    Some  jerky  movement  and  body  coiling  were  noted.    Larvae  trans- 
ferred to  tap  water  for  approximately  1  hour  lost  the  vacuoles  in  the 
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body  cavity,  eaased  movement  of  the  stylet,  and  moved  nonoally. 

The  most  obvious  influence  acetylcholine  had  on  the  larvae  was  to  ; 
cause  the  stylet  protractor  muscles  to  contract.    This  resulted  In  ?  * 
novement  of  the  stylet.    The  visible  influence  on  scmatic  musculature 
resulted  In  the  nematodes  becoming  quiescent  rather  than  atoormally ; 
active.    There  vias  no  visible  effect  on  the  muscles  of  the  esophagus. 
However,  due  to  the  obscure  appearance  of  the  esophageal  structures  in 
S.  whittoni  lairvae,  contraction  of  esophageal  muscles  could  have  been  ■ 
overlooked.    Therefore,  it  seemed  desirable  to  repeat  the  experiment 
using  a  larger  plant  parasitic  nematode  to  determine  the  effects  of 
acetylcholine  on  esophageal  muscle.    Adult  female  RadotAiolus  similis 
vers  chosen  and  treated  with  acetylcholine.    In  this  species  the  stylet 
movements  began  after  only  7  minutes  in  the  drug.    At  first  the  thrusts 
occurred  at  the  rate  of  53  per  minute.    After  25  minutes  the  rate  had 
increased  to  6k  per  minute  and  after  45  minutes  the  thrusts  were  occurring 
at  the  rate  of  70  per  minute.    The  R.  similis  specimens  formed  themselves 
into  loose  coils  as  the  S.  vdilttoni  larvae  did.    There  was  no  visible 
activity  of  the  esophageal  musculature  of  R.  similis.    As  with  S.  whit- 
tonl.  the  most  obvious  visible  effect  of  acetylcholine  on  R.  similis  was 
the  projection  of  the  stylet. 

Atropine .    S.  whittoni  second  stage  larvae  were  apparently  not  much 
affected  by  treatment  with  0,5  p«r  cent  atropine.    Body  movement  se«ned 
to  have  been  slightly  slowed  but  no  evidence  was  seen  of  any  other 
effects.    Results  of  experiments  in  which  acetyleholine-treated  larvae 
were  transferred  to  atropine  were  Inconclusive. 

Nicotine.    S.  >rttlttonl  larvae  were  rapidly  and  profoundly  affected  by 


0.2  per  cent  nicotine  sulfate.    The  following  observations  made  on  1  worm 
were  typical.    Within  approximately  1  lainute  after  c<xitacting  the  nico- 
tine sulfate  the  larva  began  thrusting  the  stylet  outward.    During  the 
second  minxxte  the  stylet  made  17  thrusts  and  failed  to  retract  to  its 
nomal  position  after  the  last  thrust.    The  tip  was  extended  about  3  /i 
beyond  the  head.    The  protractor  muscles  contracted  5  more  times  causing 
the  already  projected  stylet  to  nove  outward  yezy  slightly.    The  stylet 
retracted  slightly  after  each  of  these  muscular  contractions.    After  7 
minutes  of  inactivity  the  stylet  was  gradually  retracted  to  its  normal 
position.    The  stylet  immediately  began  a  period  of  rapid  and  strcxig 
thirusts,  each  returning  to  its  normal  retracted  position,  >rtiich  lasted 
for  approximately  1  minute  and  30  seconds.    The  rate  was  about  150  thrusts 
per  minute.    After  the  last  thrust  the  stylet  tip  remained  protruded  and 
the  protractor  mtuscles  continued  to  contract  for  10  minutes.    The  larva 
was  transferred  to  tap  water  and  after  about  3  minutes  the  stylet 
returned  to  its  normal  position  in  the  body.    No  further  stylet  movement 
occurred.    Scane  larvae  were  observed  to  thmist  the  stylet  rapidly  as 
many  as  400  times  before  it  failed  to  retract.    When  this  stage  was 
reached  the  larvae  were  always  able  to  retract  the  stylet  to  its  normal 
position  if  they  were  removed  from  the  nicotine  sulfate  and  placed  in 
tap  water. 

Larvae  in  nicotine  sulfate  moved  in  their  usual  undulating  manner 
but  somewhat  faster  than  normal. 

The  musculature  of  the  esophagus  appeared  to  be  affected  by  nicotine 
sulfate.  As  nearly  as  I  could  determine  the  muscles  seemed  to  move  in  an 
uncoordinated  manner.    In  order  to  further  investigate  the  effect  of  Uiis 
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drug  on  esophagi  of  neioatodes,  two  larger  species  of  nematodes  were 
treated  with  nicotine  siilfate.    Adult  fonales  of  Radopholus  slmllis  and 
Rhabditis  sp.,  a  saprophyte,  were  used  because  of  their  large,  well- 
developed  muscular  esopduigi. 

R.  slmilis  treated  with  nicotine  sulfate  exhibited  the  same  type 
of  stylet  activity  as  was  noted  in  treated  S.  whittoni  larvae.  The 
principle  region  of  the  esop^gus  affected  was  the  muscular  median  bulb. 
Muscle  fibers  in  various  p&rts  of  this  bulb  contracted  in  such  a  manner 
as  to  cause  continuous  \mcoordinated  movement  of  the  muscles  in  the 
bulb.    Hius,  the  valve  did  not  open  and  close  rhythmically  as  it  does  in 
normal  feeding  activity,  but  Jerked  in  various  directions  by  the  uncoor- 
dinated contractions  of  the  muscles  attached  to  it. 

When  Rhabditis  sp*  females  were  placed  in  nicotine  sulfate  the  eso> 
I^geal  muscles  became  quite  active.    The  normal  peristalsis  of  the 
anterior  part  of  the  esophagus  was  replaced  by  uncoordinated  twitchinc 
of  the  muscle  fibers.    The  basal  bulb  and  valve  were  affected  in  naeh 
the  same  way  as  the  median  bulb  of  R.  slmilis. 

The  most  significant  effect  of  nicotine  sulfate  on  S.  whittoni 
larvae,  and  other  stylet-bearing  nematodes  treated  with  it,  was  the  sti- 
mulation to  secrete  a  material,  possibly  saliva,  through  the  stylet. 
The  occurrence  of  this  reaction  possibly  depended  on  the  condition  of 
the  animal  at  the  time  of  treatment  because  it  was  never  observed  to 
occur  in  all  the  treated  nwnatodes  in  1  replicate.    In  1  replicate  of  1 
experiment,  9  of  10  larvae  treated  with  atropine  then  nicotine  sulfate 
secreted  material  from  the  stylet  freely.    This  experiment  was  repeated 
but  the  phenomenon  was  never  observed  on  more  than  AO  per  cent  of  the 


treated  animals. 

After  leaTing  the  stylet  the  secretion  took  the  form  of  a  thin 
hyaline  thread  vdth  rounded  enlarged  areas  on  it,  like  a  string  of 
beads.    Secretion  began  approximately  5  minutes  after  exposure  to  nico- 
tine sulfate  and  continued  for  approximately  3  minutes.    The  material 
could  be  seen  slowly  issuing  forth  from  the  stylet  tip.    The  length  of 
the  strand  varied  with  individuals,  but  it  sometimes  became  15 long.  ' 
It  usually  became  coiled  and  tangled  with  increasing  length.    The  mater- 
ial retained  its  form  in  the  nicotine  sulfate  and  in  tap  water.    It  re- 
mained attached  to  the  stylet  for  3  or  4  days. 

Strychnine.  S.  whlttoni  larvae  reacted  to  0.5  per  cent  strychnine 
sulfate  after  approximately  30  minutes  in  the  solution.  The  bo(fy  move- 
ments increased  in  rapidity  and  were  characterized  by  abnormal  Jericing. 
The  anterior  portion  of  the  body  was  particularly  active.  There  was  no 
visible  effect  on  either  stylet  or  eso^^geal  musculature.  After  1  hour 
in  this  material  the  larvae  became  quiescent.  They  revived  after  trans- 
fer to  tap  water. 

Attachment  to  Roots  of  the  Host 

Dro|dcin  (1957)  studied  the  relationship  between  period  of  contact 
of  the  host  plant  and  the  entrance  of  Heterodera  rostochiensis  larvae. 
He  used  larvae  less  than  24  hours  old  and  found  that  about  80  per  cent 
of  the  larvae  entered  by  the  end  of  43  hours  after  contact  and  that 
little  or  no  entry  occurred  after  that  time.  Exposure  of  seedlings  to 
single  larvae  yielded  results  ccMnparable  to  e^qposures  to  groups  of  25 


lanrae. 

Esqperimcnts  were  conducted  to  deteralne  the  mlnlnum  age  at  which  S. 
i^lttonl  second  stage  larvae  will  enter  sveetgum  roots.    Sweetgum  seeds 
were  sterilized  by  placing  them  for  1  minute  in  a  1  per  cent  solution  of 
8>hydrox7-quinoline-8ulfate  solution.    Seeds  were  germinated  in  moist 
pearlite  in  a  moist  chamber.    Germination  required  approximately  14  days 
at  room  temperature.    Larvae  hatched  within  the  previous  24  hours  froa 
cysts  held  in  BPI  dishes  containing  tap  water  were  used  in  these  experi- 
ments.   Seedlings  with  lateral  roots  1  to  2  cm.  long  were  transferred 
singly  to  petri  dishes  containing  moist  filter  paper.    Larvae  were  col- 
lected with  a  Bdcropipette  and  transferred  to  a  drop  of  water  on  a  cover 
glass.    The  cover  glass  was  placed  in  the  petri  dish  so  that  the  roots 
entered  the  drop  of  water.    Fine  sand  was  sprinkled  to  cover  the  drop  of 
water  on  the  root.    The  sand  was  slightly  moistened  and  the  cover 
replaced  on  the  petri  dish,  i^ich  was  left  undisturbed  for  varying 
periods  of  tine.    Roots  were  gently  washed  free  of  sand  and  examined 
under  112  x  magnification.    Roots  were  next  stained  in  0.1  per  cent 
cotton-blue  lactophenol,  cleared  in  lactophenol  and  examined  again. 

In  the  first  experiment  5  seedlings,  each  inoculated  with  1  larva, 
were  examined  after  24>  UB,  72,  96,  120,  144»  and  186  hours.    No  larvae 
were  found  attached  to  the  roots.    The  experiment  was  repeated  using  20 
larvae  per  seedling.    The  results  of  the  second  experiment  were  also 
negative.    A  third  ejq)eriment  was  conducted  using  20  larvae  per  seedling 
and  each  time  of  exposure  was  represented  by  3  seedlings.  Seedlings 
were  examined  at  daily  intervals  from  8  to  20  days.    The  results  of  this 
experiment  are  recorded  in  Table  3* 
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TABLE  3 

ENTRANCE  OF  LARVAE  IN  CONTACT  WITH 
SWEETGUM  ROOTS  FOR  VARIOUS  PERIODS. 
LARVAE  WERE  ONE  DAY  OLD  WHEN  FIRST 
PUCED  IN  CONTACT  WITH  ROOTS. 


Days  of  Contact  Between  Nuoiber  of  Larvae  Attached  to  Roots 

Plant  and  20  Nematodes  Seedling  No.  Row 
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The  data  in  Table  3  indicate  that  larvae  in  this  experiment  did  not 
attach  to  host  roots  until  15  days  after  inoculation.    After  the 
fifteenth  day  larvae  were  found  on  all  seedlings  removed  and  examined  up 
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throu^  the  twontleth  day. 

In  the  next  experiment  larvae  were  held  in  tap  water  in  BPI  dishes 
for  14  days  before  being  used  to  inoculate  seedlings.    Each  of  9  plants 
were  inoculated  with  20  lA^day-old  larvae.    Three  plants  were  ronoved  on 
the  first,  second,  and  third  days  after  inoculation.    The  results  of 
this  ejqperiment  are  in  Table  4. 

  .        .     TABLE  4   . 
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ElffRAlJCE  OF  URVAE  IN  COmCT  WITH  '    '  v 

SWEETGUM  ROOTS  FOR  VARIOUS  PERIODS. 
URVAE  WERE  FOURTEEN  DAYS  OLD  '«HEN 
FIRST  PLACED  IN  CONTACT  WITH  HOOTS. 


Days  of  Contact  Between  Muaber  of  Larvae  Attached  to  Roots 

Plant  and  20  Neniatodes  Seedling  No.  Row 
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The  data  in  Table  4  reveal  that  no  larval  penetration  oecurred  the 
first  day  after  inoculation.    Penetration  did  occur  on  the  second  day. 
From  this  and  the  preceding  experiments,  it  seems  probable  that  S. 
whittoni  second  stage  larvae  must  be  approximately  2  weeks  old  before 
penetration  of  roots  of  the  host  occurs.    The  reason  for  this  is  not 
known.    Examination  of  numerous  larvae  between  the  ages  of  1  day  and  14 
days  revealed  no  morphological  differences.    Perhaps  the  larvae  must 


undergo  some  oaturation  proeese  before  they  becooe  inTectlTe. 

Under  the  conditions  of  these  experiments,  the  greatest  number  of 
larvae  to  enter  1  seedling  was  B  out  of  20.    During  the  course  of  this 
work,  S.  whittimi  populations  were  maintained  cm  sweetgum  seedlings  in 
clay  pots  in  a  greenhouse.    Although  no  records  were  kept  it  was 
apparent  that  plants  placed  In  sterile  soil  in  i^ich  larvae  had  pre- 
Yiously  been  mixed  became  more  heavily  infected  than  plants  inoculated 
with  an  aqueous  suspension  of  larvae  at  the  time  of  planting.    More  lar- 
vae seem  to  be  infective  if  they  have  be«n  allowed  to  become  situated 
in  the  soil  than  if  they  are  added  to  roots  in  an  aqueous  suspension. 
Since  all  seedlings  in  the  above  experiments  were  inoculated  with 
aqueous  suspension  of  larvae,  the  rate  of  Infection  was  never  very  high. 

Reaction  to  Seedlings  and  Excised  Roots 

Steiner  (1925)  postulated  that  the  amphids  of  nematodes  may  be 
chemoreceptor  organs  which  detect  root  exudates  and  enable  the  worms  to 
find  the  host  plant.    There  is,  however,  disagreement  among  nematolo- 
gists  as  to  whether  nematodes  are  definitely  attracted  to  roots.  The 
reaction  of  Meloidogyne  hapla  (Chitwood,  1949)  larvae  to  tomato  seedlings 
and  excised  roots  has  been  studied  by  Wieser  (1955)*    He  reported  larvae 
were  attracted  to  seedlings  only  when  the  plants  were  alive  and  growing. 
The  apical  2  mm  of  excised  root  tips  were  apparently  repellent  to  the 
worms,  while  the  next  6  nn  seemed  to  be  attractive.    Wlddowson,  Doncas- 
ter,  and  Fenwick  (1958)  found  when  using  seedlings  with  lateral  roots 
that  Heterodera  rostochiensis  larvae  showed  preference  for  certain  root 
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tips  around  irtiich  they  coivgregated,    Kflhn  (1959)  conducted  eaqperiments 
with  H,  rostochiensis  larvae  to  study  attraction.    He  reported  that  the 
larvae  wander  at  random.    Plants  apparently  do  not  attract  nonatodes 
cheootropically  but  only  influence  the  rate  of  ntovement  of  larvae. 
Weischer  (1959),  in  studying  the  effect  of  root  dif fusates  on  H.  schachtii 
and  H.  rostochiensis  larvae,  concluded  the  larvae  moved  faster  in  the 
presence  of  the  diffusate.    Some  of  his  results  suggested  attraction 
but  in  other  experiments  no  oriented  attraction  could  be  observed. 

Ejqperiamts  were  ccxiducted  to  test  the  reaction  of  second  stage 
S.  whittoni  larvae  to  sweetgum  seedlings  and  excised  roots.    In  the 
first  experiment  1  sterile  seedling  with  roots  2  to  3  cm,  long  was 
placed  in  each  of  5  sterile  petri  dishes  containing  2  1/2  per  cent  water 
agar.    Pourteen-day-old  larvae  were  rinsed  3  times  in  sterile  distilled 
water  and  25  larvae  were  placed  in  each  dish  with  a  micropipette.  The 
larvae  were  set  approximately  4  cm.  from  the  root.    Excess  water  was 
removed  from  around  the  lai^ae  leaving  only  a  thin  film  over  their 
bodies.    The  dishes  were  kept  at  room  temperature  in  natural  light  and 
observed  daily  for  1  week.    The  larvae  moved  about  on  the  surface  and 
within  the  agar.    They  ap^rently  moved  at  random  and  there  was  no  indi- 
cation that  they  were  attracted  to  the  roots.    Some  larvae  moved  over 
and  about  the  roots  but  were  not  seen  feeding.    These  larvae  invariably 
moved  away  from  the  roots. 

This  experiment  was  repeated  xising  larvae  of  various  ages.  No 
attraction  to  the  roots  was  observed. 

In  another  experiment  sterile  excised  roots  2  to  3  cm,  long  were 
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grown  on  the  agar  after  the  method  of  White  (1943).    Seeds  were  planted 
on  sterile  nutrient  plates  containing  KH2P0^  2,k5  g**  Ca(N0^)2  0.65  g*f 
MgSO|^  3.69  g.,  Fe  citrate  trace,  and  20  g.  per  500  bI  of  distilled 
water.    Again  the  larvae  seemed  to  move  at  random  and  there  was  no 
apparent  attraction. 

Sweetgam  embryos  were  used  in  place  of  excised  roots  but  with  the 
same  negative  results. 

Under  the  conditions  of  these  experiments  second  stage  S,  whlttoni 
larvae  apparently  moved  about  randomly.    There  was  no  Indication  of 
oriented  attraction.    Whm  cm  or  near  the  roots  larvae  did  not  move  more 
rapidly.    Larvae  were  not  observed  feeding  on  roots  in  these  experiments. 

Mov«nent  In  Water  Films 

The  movement  of  nematodes  in  water  films  has  been  studied  by  Wal- 
lace (1959).    He  states  that,  generally,  swimming  occurs  in  films 
thicker  than  the  nonatode's  diameter  and  crawlijig  in  films  much  thinner 
than  the  n«oatode*s  diameter.    Wallace  conducted  experiments  to  compare 
the  movements  of  Aphelenchoides  ritzema-bosi .  a  parasite  of  the  leaves 
of  Chz7santh«mim,  and  Heterodera  schachtii.  a  parasite  of  roots  of 
sugar  beet.    The  habits  of  these  2  species  are  very  different.  A. 
ritaema-bosl  moves  about  in  water  films  on  the  outside  of  the  plant 
above  ground  level  and  invades  through  the  leaf  stooata,  while  H. 
schachtii  larvae  move  in  the  soil  water  between  soil  particles  and  in> 
vade  the  roots  of  the  host  plant. 

Wallace  found  H.  schachtii  attains  greater  speed  in  thin  films  than 


in  thick  films  while  A.  ritaema-boai  attains  its  greatest  speed  in  thick 
films.    Both  species  formed  broad  tracks  in  thick  films  and  narrow 
tracks  in  thin  films.    He  observed  the  amount  of  lateral  slip,  as  indi- 
cated by  the  breadth  of  the  track,  was  determined  by  film  thickness  and 
maximum  speeds  occurred  vriien  there  was  no  lateral  slip,    A.  ritzema-bosi 
was  the  more  active  of  the  two  species,  which  accounts  for  its  ability 
to  swim  in  thick  films  while  H.  schachtii  did  not  swim.    Both  species 
exhibited  the  same  type  of  locomotion  and  attained  similar  rates  of 
speed  in  thin  films.    The  ability  of  A.  ritzema-bosi  to  swim  in  deep 
films  enables  it  to  move  up  the  stems  of  plants  after  rainfall.  H. 
schachtii  only  encounters  thick  films  when  the  soil  is  saturated.  Most 
of  the  time  the  soil  is  at  field  capacity  or  drier  and  this  species 
moves  about  in  the  thin  film  of  moisture  around  the  soil  particles. 

Because  S.  nfeittoni  is  a  root  parasite,  I  tho\ight  its  habits  of 
movement  would  be  more  like  those  of  H.  schachtii  than  A.  ritzwna-bosi. 
Experiments  were  conducted  to  determine  whether  or  not  this  is  the  case. 
Second  stage  larvae  of  various  ages  were  observed  under  430  x  magnifica- 
tion in  thick  and  thin  water  films  on  glass  slides  and  on  the  surface  of 
2  per  cent  water  agar  in  petri  dishes.    A  bamboo  pick  was  used  to  move 
the  worms  to  the  slides  and  agar  surfaces  and  the  thickness  of  the  water 
film  was  regulated  with  a  finely  drawn-out  pipette. 

In  water  films  thicker  than  their  body  diameter,  S.  whittoni  larvae 
underwent  slow  dorsoventral  undulations.    These  movemmts  x*es«nbled 
those  of  species  such  as  A,  ritzema-bosi  vrtiich  can  swim,  but  the  larvae 
made  little  or  no  forward  progress,  generally  reznaining  in  one  place  and 
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CMsing  their  undiilatory  movoMnta  after  approximately  3^  hours.  There- 
fore, S,  whlttonl  larvae  did  not  appear  to  be  able  to  swim  in  thick 
water  film.    There  seemed  to  be  no  difference  In  movement  in  thick  films 
on  glass  and  agar  surfaces.    Worms  in  thick  films  on  agar  were  never 
observed  entering  the  agar,  .    ..  . 

The  larvae  moved  forward  readily  in  water  films  thinner  than  their 
body  diameter.    They  were  able  to  move  more  rapidly  on  agar  than  on 
glass  slides.    The  route  of  an  individual  was  easily  followed  over  the 
agar  by  the  delicate  trail  formed  on  the  surface  of  the  medium  by  the 
worm.    The  larvae  moved  faster  and  for  a  longer  time  in  instances  where 
the  water  film  was  such  that  little  or  no  lateral  slip  occurred.  Larvae 
did  not  move  far  and  900m.  became  inactive  when  lateral  slip  was  pro- 
nounced.   As  is  charactexlstie  of  nematode  movement,  the  larvae  pro- 
gressed over  the  flat  surface  of  the  agar      dorsoventral  undulatory 
movements.    Thus  a  lateral  surface  of  the  animal  was  in  contact  with  the 
substrate.    It  was  easy  to  ascertain  that  a  nematode  was  on  its  side  by 
the  conspicuous  view  of  the  excretory  canal  which  Is  best  seen  in 
lateral  view. 

Larvae  in  thin  films  frequently  entered  the  agar.    Once  within  the 
agar  the  nematodes  moved  about  freely  and  usually  oriented  themselves 
dorsal  side  up.    They  frequently  remained  immobile  for  several  hours  but 
began  moving  if  touched  lightly  with  a  probe.    If  touched  on  the  anterior 
part  of  the  body  the  animals,  as  would  be  esqpected,  moved  posteriorly  a 
short  distance  and,  if  touched  near  the  tall,  they  moved  anteriorly. 
After  larvae  had  been  in  a  dish  of  agar  for  several  days  the  agar  was 
riddled  with  their  meandering  trails. 


The  movanents  of  S,  idilttonl  lanme  in  films  of  water  were  more 
similar  to  those  reported  by  Wallace  (1959)  for  H,  schachtii  than  A, 
ritaema-bosi. 

Kovenent  Through  Sand 

An  ttqperimsnt  was  conducted  to  determine  how  far  the  lanrae  might 
move  through  sand  d\iring  a  24-hour  period.    Clean,  fine  sand  was  wet 
with  tap  water  and  placed  on  a  suction  filter,  or  allowed  to  drain, 
until  its  moisture  content  was  estimated  to  be  at  field  capacity.  An 
unsuccessful  attranpt  was  made  to  find  a  ratio  of  water  to  sand  volume 
in  which  the  nematodes  would  move.    The  moist  sand  was  packed  into  a 
soda  straw  210  oan.  long  and  7  mm.  in  diameter,  the  ends  of  which  were 
sealed  with  tape.    Twenty-five  larvae  of  various  ages  were  picked  up  in 
a  micropipette.    They  were  allowed  to  settle  toward  the  noezle  end  in 
a  very  small  volume  of  water  and  then  injected  from  the  pipette  into 
the  straw  through  a  pin  hole  midway  in  its  length.    The  amount  of  water 
injected  with  the  larvae  was  small  to  prevent  flooding  of  the  area  into 
which  the  larvae  were  introduced.    The  pin  hole  was  sealed  with  tape  and 
the  straw  placed  on  horiiontal  supports  in  a  moist  chamber.  Three 
straws  were  prepared  in  this  maimer  and  one  was  examined  each  day  for  3 
days.    At  the  time  of  examination,  the  straws  were  mariced  off  in  numbered 
seetirais  10  mm.  in  length  to  the  right  and  left  of  the  point  of  entrance 
of  the  larvae.    The  straw  was  then  cut  into  10  nam.  sections  with  a  razor 
and  the  sand  within  was  washed  into  a  dish  for  examination.    The  larvae 
floated  free  of  the  sand  and  could  easily  be  seen  under  the  stereoscopic 
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microscope. 

No  larvae  were  found  to  have  moved  farther  than  the  first  section, 
or  10  BB&. ,  past  the  point  of  Introduction  even  after  72  hours.  The 
oaximum  nuinber  of  lai^e  recovered  from  any  straw  was  5»    The  experiment 
was  repeated  with  similar  results.    The  explanation  for  such  low  re- 
covery is  not  understood  because  all  larvae  were  originally  enclosed  in 
the  straw  and  it  is  doubtful  that  they  could  have  escaped  from  it. 
Because  of  such  poor  recovery,  the  fact  that  larvae  were  not  found  more 
than  10  ran.  from  the  point  of  entry  is  not  conclusive  proof  that  10  nm, 
was  the  maximum  distanced  moved,    Hannon  (1959)  conducted  a  similar 
experiment  using  Radopholus  slmilis  and  Pratylenchus  sp.    He  found  that 
R.  similis  moved  from      -  72  am.  in  24  hours.    Pratylenchus  did  not 
move  as  far.    He,  too,  had  poor  recovery  of  nematodes  from  the  straws. 

Tropisms 

Geotropism 

Clapham  (1931)  studied  tropisms  in  Dorylaimus  saprophilus  (Peters, 
1930).    She  observed  that  D.  saprophllus  bored  into  the  agar  shortly 
after  being  placed  on  its  surface.    When  the  culture  plate  was  inverted 
the  worms  bored  their  way  back  almost  to  the  surface.    When  she  placed 
the  nematodes  on  a  colvimn  of  agar  they  bored  their  way  down  to  the  bot- 
tom of  the  dish.    In  one  petri  plate  all  the  D,  saprophilus  moved  up 
the  side  of  the  dish  and  perished  from  dessication.    When  placed  on 
1  inch  thick  agar  the  nematodes  burrowed  a  short  distance  below  the  sur- 
face and  moved  about  freely.    Clapham  concluded  from  her  results  that  D. 
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saprophilus  did  not  exhibit  a  positive  geotropio  response.    She  postu- 
lated the  nematodes  bored  into  the  agar  as  a  resiilt  of  a  stereotropie 
stimulus. 

When  second  stage  S.  whittoni  were  placed  on  the  surface  of  2  per 
cent  agar  they  sometimes  bored  into  the  agar.    However,  most  larvae 
remained  on  the  surface  of  the  agar,  seeming  to  prefer  it  to  the  inter- 
ior of  the  material.    An  experiment  was  conducted  using  columns  of  agar. 
A  6ol\ngn  of  2  per  cent  agar  was  placed  on  the  sxirface  of  a  5  ran*  thick 
layer  of  2  per  cent  agar  in  a  petri  dish.    The  colmn  was  5  am.  tall 
and  4x5  nun.  wide.    Twenty-five  second  stage  S,  whittoni  larvae  of 
various  ages  wei*e  placed,  with  a  bamboo  pick,  on  top  of  the  colum.  The 
dish  was  kept  in  the  daric  at  room  temperature.    The  location  of  the 
larvae  was  recorded  after  24,  48,  and  72  hours.    A  similar  dish  was 
arranged  with  an  agar  column  10  mm.  tall.    The  results  of  this  experiment 
are  recorded  in  Table  5. 
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TABLE  5 

LOCATION  OF  URVAE  IN  REUTION  TO  TOP  OF  AGAR  COLUMN 


No.  Hours  After  Nianber  of  Larva* 

Experijnent  Began 


Top  of  Column     Sides  of  Column     f'*'^^??  ^^^^^ 

Agar  Plaie  Agar 


^  nm.  Column 

m           •  J     •         0   ■  ■ '  22    ■■'  • 

72                .  ■  '   ■§•',  .'  '        ^  ^   ■       0  ■■  .,  .  23 

10  am.  Column  ■  •  ' 

14               ■     I                      6  16       •  ;  • 

4«                     •                        2  23  H 

72                       •                          0  25  # 


The  data  In  Table  5  Indicate  that  the  majority  of  the  larvae  appar- 
ently showed  a  positive  geotropic  response  as  far  as  the  agar  eolxunn  was 
concerned.    There  was  little  tend«icy  to  bore  into  the  agar  and  go  below 
its  surface  in  the  plate*    The  neiaatodes  did  not  nove  down  to  the  sur- 
face of  the  agar  plate  by  boring  through  the  agar  eolunms  as  D.  sapro- 
philus  did  in  some  of  Clap^iam's  tests.    The  S.  whittoni  larvae  moved 
down  the  sides  of  the  colums  in  this  experiment.    There  was  no  indica- 
tion of  a  stereotropic  iresponse.    Most  of  the  nematodes  moved  about  on 
the  surface  of  the  plate  after  they  left  the  column.    Two  larvae  moved 
back  to  the  5  mm.  column  after  48  hours.    This  was  the  only  instance  of 
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S,  whittoni  larva*  moving  very  far  in  an  upward  direction.  Larvae 
never  moved  up  the  sides  of  dishea  as  Clapham  noted  in  D.  saprophilus. 

Aggregation 

Certain  nematodes,  such  as  the  species  of  Ditylenchus .  show  a  pro- 
nounced tendency  to  aggregate  under  adverse  environmontal  conditions.  I 
have  seen  specimens  of  an  tmidentified  species  of  Rhabditis  e^diibit 
similar  behavior  trtien  culture  plates  began  to  dry  out.    Mollis  (195^) 
observed  that  in  mixed  populations  of  nematodes  in  water  Tylenchorhynchus 
martini  consistently  formed  themselves  into  aggi:*egations  free  of  other 
species. 

S.  whittoni  second  stage  larvas  failed  to  show  any  indication  of 
gregarious  b^iavior  during  the  course  of  these  experiments. 

Heliotropism 

Clapham  (1931)  conducted  experiments  to  determine  whe^er  Dorylai- 
mus  saprophilus  and  Rhabditis  succaris  would  react  to  strong  sunlight. 
Results  of  tests  with  D.  saproiiAiilus  suggested  the  n«&atodes  showed  a 
negative,  heliotropic  response.    R.  succaris  gave  no  indication  of  a 
negative  heliotropic  response  but  was  killed  rapidly  by  sunlight.  When 
attempts  were  made  to  cultivate  this  species  in  bright  light,  none  of 
the  few  eggs  produced  hatched.    Clapham  concluded  there  was  no  helio- 
tropic response  and  that  certain  rays  in  the  light  were  lethal  to  the 
neoatodes . 

An  experiment  was  tried  to  determine  the  response  of  S.  whittoni 
larvae  to  bright,  indirect  sunlight.    One-half  of  a  5  cm.  diameter  petri 
dish,  containing  2  per  cent  water  agar,  was  covered  with  black  tape  to 
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exclude  as  nruch  ll^ht  as  possible  from  that  half.    Twenty-five  second 
stage  larvae  of  various  ages  were  placed  on  the  agar  on  the  line  of 
division  of  these  2  halves.    All  lairvae  were  placed  parallel  to  the 
division  line.    The  dish  was  placed  on  a  laboratory  table  in  bright 
Indirect  sunlight.    The  number  of  larvae  In  the  lig^t  and  dark  sides  of 
the  dish  was  recorded  late  each  afternoon  for  2  days.    Thus,  larvae  were 
exposed  to  approximately  2  8-hour  periods  of  bright  lig^t  interrupted  by 
night. 

After  the  first  8-hour  light  period,  12  larvae  were  in  the  lifted 
side  of  the  dish  and  13  in  the  dark  side.    At  the  end  of  the  second 
8-hour  light  period,  14  larvae  were  in  the  lighted  side  and  11  in  the 
dark  side.    Fnxa  the  trails  on  the  surface  of  the  agar  it  was  apparent 
that  all  larvae  had  been  active. 

Under  the  conditions  of  this  experiment  S.  whittoni  larvae  showed 
no  apparent  heliotropic  response.  They  moved  about  the  dish  as  though 
they  were  unaffected  by  bright,  indirect  sunlight. 

Feeding 

Plant  parasitic  nematodes  normally  feed  on  1  plant  cell  at  a  time. 
The  worm  injects  its  hollow  buccal  stylet  into  the  cell  and  sucks  in  the 
protoplasm  by  the  punning  action  of  the  esof^agus. 

Larvae  were  best  observed  feeding  on  seedlings  *rtiich  had  been  re- 
moved from  inocvilated  sand.    The  roots  were  gently  washed  free  of  sand 
and  the  plants  placed  in  shallow  dishes  of  tap  water.    Observations  were 
made  at  112  x  magnification  tinder  the  stereoscopic  microscope. 
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Larva«  wore  forind  with  the  anterior  end  of  the  body  embedded  in  the 
root  cortex  to  a  depth  of  approximately  2  cell  layers.    Feeding  was  most 
coannonly  observed  on  prJjsary  roots,  but  it  did  occur  on  lateral  roots. 
Feeding  was  not  observed  on  i^>ot  hairs.    Recently  attached  larvae  fed  on 
cortical  cells  but  deeper  penetration  of  the  head  apparently  took  place 
as  the  animals  matured.    Microtome  sections  of  mature  females  attached 
to  roots  revealed  that  the  nematode's  head  was  usually  touching  the  i 
stele.    Giant  cells  were  not  observed  in  the  root  tissue  adjacent  to  the 
parasite's  head. 

During  larval  feeding  the  median  esoj^ageal  bulb  pulsated  with 
strong,  rythmic  movements.    The  valve  plates  could  be  seen  pulled  apart 
and  rejoined  a.'^ain  at  each  beat.    No  material  was  seen  to  enter  the 
esojAiagi  of  S.  whittoni  larvae  during  the  sucking  process,  nor  were  anF- 
nematode  8eci*etion8  seen  to  enter  host  roots.    These  j^enomena  might 
possibly  have  been  seen  if  observations  could  have  been  carried  out 
under  higher  magnification.    The  rate  of  esophageal  pulsations  in  these 
larvae  varied  with  individuals,  ranging  from  50-60  beats  per  minute. 
Rates  such  as  these  would  not  be  considered  rapid  in  comparison  with 
those  of  a  species  such  as  Paratylenchus  minutus  (Linford,  Oliveira,  and 
Ishii,  1949).    Linford^  Oliveira,  and  Ishii  (loc.  cit.)  recorded  rates 
of  BO  to  200  beats  per  minute  in  this  species.  ^ 

The  esophageal  b\ilb  of  S.  whittoni  larvae  was  active  for  periods  of 
1  to  40  minutes  followed  by  rest  periods  of  1  to  60  minutes.  One  larvae 
continued  this  type  of  feeding  activity  for  4  days  on  a  root  immersed  in 
water.  Most  feeding  specimens  became  inactive  after  the  roots  to  t^ich  : 
they  were  attached  were  immersed  in  water  for  approximately  48  hours. 
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It  was  not  determined  vdi ether  the  female  larvae  feed  transiently 
or  become  peirmanently  attached  at  1  locus  on  the  root. 


THE  F£IUL£ 


In  my  •xperiments  the  second  stage  fsnale  lai^e  failed  to  undergo 
deYelopnenb  unless  they  fed  on  sweetgum  roots.    Because  of  the  siaall 
number  of  larvae  attached  to  seedlings  in  rqt  experiments,  some  aspects 
of  female  derelopment  were  not  woiiced  out.    The  following  paragraphs 
describe  the  changes. 

,  Dsvelopmmt 

F«Bale  larvae  grew  slowly  in  girUi  for  the  first  10  days  they  were 
attached  to  roots.    No  increase  in  body  length  was  noted.    By  the  end  of 
10  days  the  larvae  had  increased  to  approximately  20  ji^  or  almost  twice 
their  original  body  diameter.    In  some  specimens  the  biggest  increase  in 
size  was  in  the  esojdiageal  region,  while  in  others  the  posterior  three- 
quarters  of  the  body  was  the  most  enlarged.    By  the  end  of  20  days  tiie 
nematodes  were  approximately  4  times  their  former  body  width.  Molts 
undoubtedly  occurred,  but  were  not  observed.    Foaales  increased  in  sise 
until  they  were  somsi^t  pear-shaped  (Fig.  6).    By  the  time  the  body  was 
this  much  enlarged  the  cuticle  had  became  much  thickened.   Toung,  sj^er- 
ieal,  mature  females  were  found  cm  roots  after  55  to  60  days.  Mature 
females  containing  eggs  were  found  after  approximately  65  days. 

During  the  course  of  foaale  deTelopoent,  the  head  became  more  deeply 
embedded  in  the  tissue  of  the  root.    As  stated  previously,  recently  at- 
tached larvae  had  their  heads  embedded  approximately  2  cell  layen  deep 
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in  the  roots.    The  heads  of  most  mature  fenales  examined  were  abvxtting 
the  stole.    The  neck  region  of  the  nematode  was  usuallj  short  and 
strai^t  (Fig.  7)  but  was  frequently  extended  and  misshapen  (Fig.  8), 
apparently  because  of  the  pressture  of  the  root  tissues. 

Females  of  S.  whittoni  were  most  eonmonly  found  with  only  the  head 
and  neck  embedded  in  the  root  tissue.  The  entire  bodies  of  some  speci- 
mens, however,  were  c(Mxpletely  enclosed  within  the  roots.  Females  thus 
enclosed  within  the  root  tissues  were  found  by  dissecting  the  roots.  In 
some  eases  there  was  a  slight  swelling  of  roots  in  the  area  ianediately 
around  the  nematode's  body,  but  usually  there  was  no  other  external 
manifestation  of  the  n«iiatode*s  presence  within  the  root. 

Effect  on  the  Host 

This  nematode  species  apparently  causes  little  damage  to  sweetgum. 
Seedlings  with  their  roots  hearily  infected  were  not  visibly  stunted 
nor  did  the  roots  seem  much  affected.    Some  necrotic  tissue  was  risible 
in  areas  around  fmale  nematodes  but  it  was  not  very  extensive.  Neither 
root-stunting  nor  excessive  branching  was  noted  on  parasitised  plants. 
Some  roots  were  slightly  swollen  in  areas  around  mature  fwaales  but  this 
was  rather  uncomnmi.    A  study  of  root  tissues  around  the  head  of  females 
revealed  no  evidence  of  giant  cell  foxnation  as  found  in  Meloidofome 
parasitised  roots. 

No  plants  other  than  sweetgm  were  inoculated  with  S.  whittoni; 
therefore,  nothing  is  known  of  its  host  range.    It  is  possible  that  this 
species  may  prove  to  be  a  detrimental  parasite  on  some  plants. 


Flgur«  d.  Mature  tmaal9  with  neck  embedded  in  sweetgvsa  root  tissue. 
The  vulTa  Is  subterminal.    (Approxinately  390  X) 
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Egg  Sao 

Young  Batur*  f outlM  att*eh«d  to  th«  axterior  of  roots  ware  usually 
eorered  by  a  thick,  hyaliiw  layar  of  raatarial  (Pig.  9).    In  older  fa- 
males  this  mtrix  usually  enclosed  eggs.    Hales  were  sometimes  found 
coiled  within  the  matrix.    Apparently  they  had  copulated  with  the  females 
and  by  x*«aaining  close  by  had  become  enclosed  in  the  matrix.  Males 
were  active  and  probably  able  to  leave  the  matrix  after  it  had  been 
secreted  around  them.    On  young  females  this  material  was  colorless  and 
had  the  consistency  of  gelatin.    This  structure  probably  corresponds  to 
the  egg  sac  extruded  through  the  vulva  of  Meloidogyne  females  and  serves 
to  protect  the  eggs.    The  matrix  changed  in  color  along  with  the  cuticle 
of  the  fwnale  as  the  animal  matured  and  became  an  egg-packed  cyst.  The 
original  hyaline  appearance  of  the  matrix  changed  to  light  tan,  golden 
brown,  and  dark  browi  as  the  animal  became  older.    The  matrix  adhered 
to  females  removed  tr<m  the  roots  but  could  be  peeled  off  with  dissect- 
ing needles.    The  matrix  from  young  mature  fosales  seemed  to  be 
structureless  when  mounted  on  slides  and  examined  under  oil  immersion. 
Tanned  matrix  could  be  peeled  off  in  layers  but  was  optically  homogenous. 
The  matrix  is  apparently  secreted  in  layers  by  the  female. 

Pieces  of  the  hyaline  matrix  from  young  mature  females  and  tanned 
matrix  from  cysts  were  treated  with  acid  and  alkali.    There  was  no  ap- 
parent difference  in  the  react icm  of  the  new  and  tanned  matrix.  The 
matrix  was  not  visibly  affected  by  0.2N  HGl.    It  was  completely  dissolved 
by  concentrated  HCl.   A  solution  of  0.2  Na(^  partly  dissolved  the  matrix. 
Pieces  of  matrix  placed  in  5  per  cent  sodium  hypochlorite  were  coapletely 
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(ils«olT«d. 

thM*  obserrations  on  th«  egg  sac  of  S.  whittonl  ar«  similar  to 
those  of  Bird  (1958)  on  egg  sac  material  from  Meloldofpme  hapla  Chitwood 
and  Meloidoame  jaranica  (Trcub). 

Morphology 

Most  of  the  specimens  used  for  morphological  study  were  collected 
from  roots  of  sweetgun  seedlings  planted  in  inooulated  sand  or  soil. 
Faaales  were  r«Boved  from  the  roots  hj  teasing  the  plant  tissues  apart 
with  nssdles  under  the  stereoscopic  microscope.    Care  had  to  be  taken 
to  prerent  daaage  to  the  nematodes  «id»edded  in  the  root  tissu*. 

Very  little  detail  could  be  seen  of  the  internal  anatomy  through 
the  thick,  dmss  cuticle.    Therefore,  both  fresh  and  formalin-fixed 
specimens  were  dissected  under  the  stereoscopic  microscope  to  esqjose  th« 
internal  organs.    Considerable  pressure  was  required  from  the  dissecting 
needle  or  scalpel  to  open  the  tough  cuticle. 

External  covering 

The  cuticle  is  smooth  on  its  outer  surface  and  is  not  marked  by  any 
pattern.    It  measures  from  7  to  10 ^  in  thickness.    The  cuticle  is  white 
and  somewhat  translucent  in  young  mature  females.   When  the  nematodes 
grow  older  the  e\iticle,  or  cyst  wall,  becomes  tanned.    This  also  occurs 
in  the  genus  Heterodera  and  was  studied  by  Ellmby  (1946).    He  eonclwled 
that  the  tanning  process  is  similar  to  that  which  operates  in  the  insect 
integument.    Ellenby  (1956)  states  that  the  cyst  wall  of  Heterodera 
rostochiensis  is  eonqposed  of  two  distinct  regions j  the  outer  is  fibrous. 
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ib«  inner,  elMir.   H«  found  that  th«  tanning  prooMS  b«gins  in  th« 
outer  region  and  spreads  to  the  Inner  sone.   tftien  he  separated  the  two 
•ones  the  process  was  seen  to  proceed  independently  in  each  sone.  No 
pore  canals  were  obserred  by  EUmhy  in  the  cyst  wall. 

Bird  (1958)  studied  the  cuticle  of  the  f«Bale  Meloidogyne  hapla. 
He  found  it  to  consist  of  a  thin,  daxicly- staining  surface  layer  covering 
a  h<»Bogeneous  substance  tdiieh  is  divided  into  3  layers  by  2  daridy* 
staining  bands  of  material. 

The  cutiele  of  adult  S.  whittoni  (Fig.  1£)  consists  of  2  tldek 
layers  separated  by  a  thin  transition  sone.    The  outer,  daric-staining 
layer  is  dense  and  tou^.    The  next  discemable  division  nay  be  a  dis- 
tinct layer  or,  aore  likely,  merely  a  part  of  the  thick,  inner  layer 
which  stains  dazicer  than  the  rest  of  the  inner  layer.   Which  of  these 
possibilities  could  not  be  ascertained  for  certain.    The  inner  layer  is 
thicker  than  the  outermost  layer  but  does  not  stain  so  daricly,  and  it 
more  readily  suffers  mechanical  damage. 

The  2  layers  could  be  separated  with  dissecting  needles,  but  this 
was  extremely  difficult  to  accmaplish.    White  and  tanned  cuticles 
reacted  similarly  to  treatment  with  reagents, 

nie  results  of  the  reacti<ms  of  the  cuticle  with  reagents  at  room 
traperature  are  recorded  in  Table  6. 
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TABLE  6 

REACTIONS  OP  ADULT  FEMALE  CUTICLE  WITH  REAGENTS 


Visible  Reaction  of  Cutiele 

Reagmt  ............. 

Ovter  Layer 

Xmer  Layer 

Boiling  Distillttd  Water 
(l  hour) 

No  Change 

No  Change 

Boiling  0.2N  MaOH 
(5  mlnutos) 

No  Change 

Dissolved 

0.2N  NaOH  • 
(24  hours) 

No  Change 

No  Change 

5  per  cent  Sociua  Hypochlorite 

(24  hours) 

Dissolved 

Dissolved 

0.2N  HCL 
(24  hours) 

Mo  Change 

'     No  Change 

Concentrated  HCl 
(24  hours) 

Undissolved; 
turned  black 

Dissolved 

From  the  data  in  Table  6  it  is  apparent  that  the  outer  layer  of  the 
adult  f  snale  cutiele  is  more  resistant  to  these  reagents  than  the  imer 
layer. 

Cephalic  region 

The  lip  region  has  a  circum-oral  elevation.    The  cuticle  is  thicker 
just  posterior  to  this  elevaticm.    The  cephalic  franewox^  is  very  weak 
and  no  details  of  its  structure  were  ascertained. 

Because  of  the  thickness  and  opaque  nature  of  the  cuticle  of  the 
adult  female,  several  structures  were  indistinct  or  not  visible. 
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Anphidial  por«8,  papillae,  cep^llds,  hemizonid,  narr*  ring,  phasoids, 
and  excrstozy  por«  were  not  obserred  on  feoialea. 

DlgestlTe  systea 

The  stylet  of  the  f eaaale  is  from  19  to  21     long.    The  tip  of  the 
•tylet  is  54  -  57  per  cent  of  the  total  stylet  length.    The  knobs  are 
rounded  swellings  similar  to  those  of  the  larval  stylet. 

Details  of  the  esoi^gus  were  obscured  by  the  thick  cuticle.  The 
preeorpus  is  attached  to  the  knobs  of  the  stylet  and  is  thick  and  well 
developed.    The  median  bulb  is  spherical  and  rery  large  (approximately 
25yu  In  diameter)  and  muscular.    The  valve  within  the  median  bulb  is 
large  and  hearily  cutlcularised  (Pig.  IB).    In  most  females  the  misdlan 
bulb  lies  within  the  enlarged  part  of  the  body  and  is  thiis  difficult  to 
see,  except  in  specimens  where  the  neck  is  long  and  the  bulb  lies  within 
the  neck  region.    The  structure  of  the  esophagus  posterior  to  the  median 
bulb  was  not  observed.    The  lumen  of  the  esophagus  is  heavily  cutlcular- 
ised and  prominent.    The  dorsal  gland  orifice  is  from  3  to  4^  posterior 
to  the  stylet  knobs. 

The  structure  of  the  Intestine  was  obscured  by  the  cuticle  In  whole 
mounts.   The  intestine  is  apparently  a  delicate  structure  which  may  be 
damaged  when  the  fttnales  are  embedded  in  paraffin.    A  study  of  serial 
sections  revealed  no  details  of  the  anatomy  of  the  intestine.    When  the 
female  becomes  packed  with  eggs  the  Intestine  is  probably  pressed  against 
the  body  wall  and  flattened.    I  have  no  evidence  to  confirm  this,  how^ 
ever. 
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Reproductive  syatea 

The  vulTEi  Is  a  nail  round  opening  located  subteminally  in  oost 
speoimms.    A  few  f wales  were  found  with  the  vulva  located  equatorially 
(Fig.  7)*    The  TulYal  lips  are  f3.u8h  with  the  body  surface.    The  short 
vagina  opens  into  the  large,  thick-walled  uterus.    Female  S.  whittoni 
are  monodelphie,  i.e.,  each  has  only  one  ovary.    The  ovary  contains  a 
single  row  of  oocytes.    1  could  not  determine  whether  a  speraatheca  was 
present,  but  it  nost  likely  is. 

It  is  not  known  whether  fertilization  is  necessary  in  order  for 
reproduction  to  occur  in  this  species. 


TU£  MALE 

Adult  males  were  found  in  the  soil  around  sweetgum  roots  and 
associated  with  the  female  egg  sac.    Although  not  as  active  as  second 
stage  larvae,  the  males  do  move  about. 

Male  second  stage  larvae  molted  readily  in  tap  water  and  their  . 
developasnt  was  easily  followed. 

When  nematodes  molt  in  their  nattaral  environment  they  usually  cast 
off  the  molted  cuticle.    However,  when  specimens  are  held  in  a  liquid 
medium  they  frequently  senn  unable  to  shed  it.    Linford  and  Oliveira 
(1940)  observed  specimens  of  Rotylenchulus  reniformis.  which  molted  in 
water,  with  as  many  as  3  superimposed  molts.    This  phemHMnon  was  also 
observed  in  Radopholus  similis  molting  in  water  by  van  Weerdt  (1959). 
A  fim  substratum  is  apparently  required  before  many  nfflnatodes  can  cast 
off  a  molted  cuticle. 

Second  Molt  ' 

The  larvae  became  quiescent  vAien  approximately  lU  to  19  days  old. 
The  body  was  then  sli^tly  swell «i  in  the  area  around  the  anus  where 
the  future  cloaca  would  be  located.    The  swelling  was  noticeable  on 
both  the  dorsal  and  ventral  sides  of  animals  seen  in  lateral  view.  The 
genital  primordium  remained  in  the  4-eell  stage  ahd  was  11     long  by 
6^  wide.  , 

Changes  occur  in  the  stylet  at  this  time.    The  following 
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observations,  made  under  oil  immersion  on  1  nematode,  were  typical. 
The  shaft  of  the  stylet  appeared  to  be  less  opaque  than  normal  (Fig.  11). 
The  posterior  part  of  the  shaft  next  to  the  stylet  knobs  was  not  as 
clearly  defined  as  the  anterior  part  joining  the  stylet  tip.  The 
stylet  tip  and  knobs  appeared  normal.    During  8  hours  of  continuous  ob- 
••rvation  the  snaft  was  seen  to  slowly  dissolve  from  posterior  to 
anterior.    After  5  hours  the  posterior  half  of  the  shaft  was  no  longer 
risible  and  the  anterior  half  could  still  be  faintly  made  out.  The 
•haft  had  the  same  appearance  as  the  shaft  of  Individuals  placed  in 
HCl.    At  the  end  of  8  hours  the  shaft  was  no  laiger  visible  and  the 
knobs  were  becoming  translucent.    During  this  time  the  nematode  moved 
its  body  with  occasional  jerks  toward  the  ventral  side.  Twenty-four 
hours  after  the  last  observation,  the  head  of  the  nematode  had  begun 
to  be  pulled  back  from  the  second  stage  cuticle  (Fig.  12).    At  this 
time  the  genital  prljnordium  had  increased  slightly  in  size  by  an 
undetermined  number  of  cells.  '  ,       s ' 

Three  days  later  the  genital  primordium  had  doubled  its  length  to 
22  ju  and  its  width  increased  to  8/1.    The  early  developmwit  of  the 
gonad  indicated  the  males  had  but  a  single  testis.    The  cloacal  region 
was  characterized  by  clear  tissue  with  no  globules  present  (Fig.  13). 
The  head  had  pulled  completely  free  of  the  second  stage  cuticle,  the 
tip  of  the  stylet  remaining  attached  to  the  old  cuticle  (Fig.  14).  The 
lining  of  the  aafAiidial  ducts  were  molted  and  could  be  seen  attached  to 
the  old  cuticle.    The  lining  of  the  terminal  excretory  duct  was  molted 
and  was  quite  long  and  coiled.    Its  length  could  not  be  measured 
because  of  the  coils. 


TieaT9  10. 
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Anterior  portion  of  soeond  stage  larva 


(Aj^roximatolj 


Figure  11.  Anterior  porticm  of  second  stage  male  larva.  The  stylet 
•haft  has  begun  breaking  down  Indicating  the  beginning  of  the  seemd 
■olt  in  the  oale.    (Approxiaately  2000  X) 


Flgare  12.  Holting  Mcond  stage  male  larva.  Th«  hsad  is  pulled  baek 
from  the  old  cuticle  to  which  the  stylet  tip  is  attached. 

(Apprsxisately  2000  X) 


Flg\ir«  13.  Posterior  portion  of  molting  male  showing  differentiation 
of  area  in  «Aiich  the  epieules  and  gubemaeulum  form.  Arrow  indicates 
area  inTolTed.    (A  {proximately  2000  X) 


Figurs  14.   Molting  8«eond  stags  nl«  larra  with  head  pulled  baek 
from  the  old  cuticle.    The  molted  lining  of  the  stcxna  is  a  diamond 
■haped  structure  around  the  stylet  tip.    Arrow  indicates  molted 
lining  of  stoma.    Part  of  the  lining  of  the  stylet  shaft  is  a  faint 
strand  attached  to  the  posterior  end  of  the  stylet  tip.  (Approsdaately 
2000  X) 
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Approximately  4  days  after  the  first  of  the  second  nwlt  the 

third  stage  larva  became  active.    The  worms  were  approxiinately  25  days 
old.    Most  of  the  movement  consisted  of  moving  the  head  backward  and 
forward  within  the  old  cuticle.    A  thin,  opaque  thread  connecting  the 
base  of  the  stylet  tip  with  the  head  was  probably  the  lining  of  the 
dissolved  shaft.    Vihen  the  head  moved  forward  and  touched  the  base  of 
the  stylet  tip  this  thread  folded  on  itself.   When  the  head  moved  back 
away  from  the  stylet  tip  the  thread  was  pulled  straight. 

Three  and  sometimes  4  small  round  holes  appeared  in  the  molted 
cuticle  at  this  time  at  about  the  level  of  the  base  of  the  esophagus 
(Fig.  15).    The  cause  for  these  holes  in  the  cuticle  is  not  known.  It 
is  at  this  point  in  other  nematode  species  that  the  cuticle  frequently 
breaks  open  when  it  is  cast  off.    However,  in  S.  ^ttoni  the  cuticle 
was  never  observed  to  be  broken  open  by  worms  in  water. 

The  tail  of  the  third  stage  larva  was  sli^tly  separated  from 
second  stage  cuticle.    The  protoplasmic  tip  jremained  as  part  of  the 
molted  cuticle.    I  could  not  see  >riiether  the  lining  of  the  anus  and 
idiasnids  was  molted. 

The  larva  became  quiescent  by  the  end  of  the  fourth  day.    The  head 
was  extended  against  the  molted  cuticle  and  pushed  the  stylet  tip  aside 

Third  Molt  . 

The  third  molt  was  usually  completed  about  2  days  after  the  second 
nolt,  the  larvae  being  approximately  2?  to  29  days  old.    The  fourth 
stage  larva  was  encased  within  2  superimposed  molts.    The  head  pulled 


Flgur*  1$.    Posterior  region  of  esophagus  of  a  molting  ml*.  Four 
nail  openings  oeeur  in  the  old  cuticle  opposite  the  excretory  pore 
(Approxlnately  2000  X) 


back  aviay  from  the  third  molt  and  raored  a  little  as  the  third  stag* 
larva  had  done.    The  linings  of  the  amphidial  ducts  were  molted  and  ' 
attached  to  the  third  molt.    The  lining  of  the  tenninal  excretory  duct 
vcas  not  seen.    This  third  molt  was  very  thin  and  delicate,  and  could 
be  seen  only  at  the  antertor  end,    Christie  and  Cobb  (1941)  reported 
the  third  molt  in  root  knot  nematodes  to  be  so  thin  as  to  be  almost 
invisible. 

the  stage  of  developnioit  of  the  gonad  at  the  time  of  the  third 
molt  varied  greatly  between  individuals.    In  most  ca»«8  the  genital 
prinordium  and  the  tissue  near  the  doacal  region  had  grown  toward 
each  other  until  the  two  groups  of  cells  had  almost  connected,  Th« 
spicules  and  gubemaculum  at  this  time  were  barely  visible.    Prior  to 
the  fourth  molt  the  tissues  composed  of  cells  from  the  genital  primor- 
dium  and  the  cloacal  region  fused  to  form  the  complete  gonad  and  the 
spicules  and  gubemaculum  were  completely  formed. 

Foiirth  Holt 

The  fourth  molt  was  usually  coaqsleted  about  2  days  after  the  third 
w>ltf  or  %riien  the  nematodes  were  approximately  29  to  31  days  old.  The 
linings  of  the  amphidial  ducts  were  molted  arxl  attached  to  the  molted 
cuticle.    The  lining  of  the  tenninal  excretory  duct  may  have  been 
molted  but  this  was  not  observed.    When  the  head  pulled  back  from  the 
old  cuticle  the  3  superimposed  molts  could  be  seen  (Fig.  16).    The  3 
■olts  were  visible  in  the  tail  region  also.    During  certain  periods, 
the  bodty  of  the  male  was  shortened  so  that  both  head  and  tail  were 


Figure  16.   Molting  male  with  supeivlmposed  second  (outer) «  third 
(middle),  and  fourth  (ixmer)  molts.    Arrows  indicate  molted  outicL 
( Approximately  2000  X) 
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pulled  away  fron  the  old  cuticles.    The  male  was  frequently  observed  to 
rotate  to  right  or  left  approxijoately  180  degrees  within  the  molted 
cuticles. 

About  1  day  after  the  fourth  molt  occurred  the  male  extended  its 
bod^  and  exerted  pressure  against  the  wds  of  the  molted  cuticles.  The 
length  of  the  body  was  greater  than  the  old  cuticles.    This  resulted  in 
the  body  having  slight  bends  in  it  (Fig,  17),    The  nematodes  continued 
moving  within  the  superimposed  molts  for  several  days  but  none  ever 
escaped  from  the  old  cuticles. 

Males  were  placed  in  moist  sand  to  determine  whether  they  could 
cast  off  the  molted  cuticles;  however,  under  these  conditions  none  of 
the  speciiaens  was  observed  to  do  so.    Males  seemed  unable  to  escape 
from  the  cuticles  unless  they  molted  naturally  in  soil. 

Bird  (1959)  observed  that  the  hypodermis  in  the  genua  Meloidogyne 
Increased  in  thickness  just  before  molting.    He  indicates  this  may 
point  toward  the  probable  role  of  the  hypodermis  in  euticle  secretion. 
Measurements  were  made  on  the  thickness  of  the  hypodermis  in  molting 
S,  whittoni  larvae.    No  change  in  the  thickness  of  the  hypodermis  during 
the  molting  pirocess  was  detected. 

Effect  of  Root  Exudate  on  Molting 

Preliminary  tests  were  carried  out  to  determine  if  molting  was 
affected  by  leachate  from  pots  planted  with  sweetgum  seedlings.  Theire 
ifas  no  Indication  that  molting  of  male  S,  whittoni  was  affected  when 
the  nematodes  were  held  in  the  leachate.    Molting  in  free-living 


100 


Figure  17.    Fully  deYeloped  male  vdth  body  extended  against  super- 
imposed nK>lt8.    The  stylet  tip  is  attached  to  the  outer  oolt.  Arrows 
indicate  areas  where  super-liqx>sed  molts  are  visible.  (ApproxLnately 
200  Z) 
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nematodes  is  probably  triggered  by  intrinsic  factors  rather  than  some 
stiBMlus  from  the  environment ,    Rogers  and  Sommerville  (1957)  studied 
molting  in  parasitic  nematodes  of  cattle.    They  concluded  that  the 
rumen  fluid  of  the  host  stimulated  the  nematode  I^nrae  to  produce  an 
oxsheathing  fluid  which  remained  active  in  the  absence  of  the  rumm 
fluid.    They  postulate  the  exsheathing  fluid  comes  from  cells  at  the 
base  of  the  esophagus.    These  woi^ers  believe  that  adaptations  to  sus- 
pend exsheathment  except  as  a  response  to  extrinsic  factors  provided 
by  the  host  may  have  been  iiqpozi^ant  in  the  development  of  parasitism 
in  some  nematodes. 

It  is  interesting  that  in  the  case  of  S.  whittoni  females  molting 
is  apparently  suspended  until  the  proper  stimulus,  possibly  food,  is 
obtained  from  aweetgum  roots.    Molting  in  the  males,  however,  is 
apparently  stimulated  by  intrinsic  factors  as  in  free-living  nematodes. 
The  holes  appearing  in  the  male  cuticle  during  molting  are  near  the 
base  of  the  esoj^gus.    Their  location  is  particularly  interesting  in 
regard  to  the  theory  of  Rogers  and  Sommerville  that  a  molting  fluid  In 
nematodes  originates  in  cells  at  the  base  of  the  esophagus  and  may  flow 
out  the  excretory  pore  causing  the  cuticle  to  weaken  and  break  in  that 
area.    If  their  theory  is  correct  and  if  it  can  be  applied  to  S, 
whittoni.  the  U  holes  seen  in  the  male  cuticle  probably  result  from 
the  production  of  some  such  molting  substance  near  the  base  of  the 
esophagus,  and  its  excretion  onto  the  cuticle  through  the  excretory 
pore. 
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Morphology 

Mature  aales  ar«  slightly  shorter  in  length  than  second  stage 
larrae.    Larvae  average  A26  ja  and  males,  415  P" 

External  covering 

The  cuticle  is  such  like  that  of  second  stage  larvae. 

pephalic  region 

There  is  no  cephalic  framework  present  in  the  mature  male.  This 
structure  is  lost  with  the  second  molt.  ^ 

Hemizonid 

The  heaisonid  of  the  male  resembles  that  of  the  second  stage 
larva  but  is  somewhat  larger.    It  is  located  just  anterior  to  the  ex- 
cretory pore. 

Digestive  system 

There  is  no  stylet  in  the  male.    After  the  second  molt  there  1« 
an  open  buccul  capsule.    The  esophagus  is  ill-defined  and  probably  not 
functional.    The  intestine  contains  numerous  globules  but  as  males  get 
older  they  disappear.    Males  apparently  do  not  feed. 

Reprodxictive  system 

The  single  testis  is  large,  well  developed,  and  filled  with  small, 
found  sperm.    The  testis  is  approximately  7  /i  wide  and  75  /i  long. 

The  male  reproductive  system  in  nematodes  is  divided  into  testis, 
seminal  vesicle,  and  vas  deferens  (Chitwood  and  Chitwood,  1950).  The 
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Xatt«r  two  ttruetuTM  could  not  be  distingulshad  in  mal*  S.  whlttoni. 

The  spletCLee  arenged  13.2^  long.   They  are  slender,  slightly 
curved  rent  rally  (Fig.  18),  and  are  not  fused  at  Uieir  distal  ends. 
The  gttbemaculum  is  nail,  5  to  6 long,  and  sli^tly  ourred.  Males 
are  without  a  bursa. 

Excretory  system 

The  terminal  excretory  duct  is  prtadnent  in  the  nale.  It  resenbles 
the  duct  of  second  stage  larrae* 

Nervous  system  and  sensory  organs 

The  nerve  ring  was  visible  on  a  few  specimens  and  was  seen  to  be 
almost  identical  in  shape  and  position  to  that  in  the  second  stage 
larvae.    No  an^Mds  or  ifdiasmlds  were  observed. 


Figure  18.    Posterior  portion  of  a  nale  with  fully  developed  epioules 
and  gubemaeulum.    Two  super-imposed  anlts  are  visible.  (Approxiaaately 
2000  X) 


PARASITES  AKD  PREDATORS 
Protozoan 

NuBMrous  ••eond  stage  S.  whlttonl  larvae  removed  frxaa  soil  froa 
the  Hatchet  Creek  area  were  infected  with  a  sporosoan  parasite  of  the 
genus  Duboscqia,    It  is  not  known  lAat  species  of  Duboscqia  was  para- 
sitizing the  larvae.    This  interesting  parasitic  protosoan  apparentlj 
has  profound  effects  upon  some  soil-inhabiting  nematodes. 

Thome  (1940)  found  Pratylenchus  penetrans  from  South  Carolina 
parasitised  by  a  new  sporosoan  species  irtiieh  he  naoted  Duboscqia  pene- 
trans.   Some  wozicers  have  questioned  Thome's  placement  of  the  organ- 
ism in  the  family  Nosenatidae;  however.  Hall  (1953)  agrees  with  Thome. 
Me  gives  the  following  characterisation  for  the  familyi    "The  spores 
are  usually  ovoid  or  pyriform;  if  more  elongated,  the  ratio  of  length 
to  thickness  is  less  than  4:1.    There  is  only  one  polar  filament." 
Thome's  description  of  D.  penetrans  fits  these  requirements  but  he 
stated  that  the  small  size  of  the  spores  of  D.  penetrans  made  it  ioqtos- 
■ible  to  see  the  polar  filament. 

Thome  found  the  adult  spores  of  D.  penetrans  attached  to  the 
cuticle  of  P.  pratensls.    He  observed  that  the  spores  draw  their  sus- 
tenance from  the  nematode's  body  which  results  in  a  breakdown  of  the 
tissues.    Most  of  the  spores  attached  to  P.  pratensls  were  near  the 
head  of  taU.  V 
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Internal  parasitism  results  when  the  sporoUast  penetrates  the 
eutiele  of  the  nenatode  ami  undergoes  development  within  the  host.  The 
parasite  was  partiexilarly  destructive  to  the  reproductive  system  of  P. 
pratensis.    However^  the  entire  bodj  adght;  ^  distended  by  thousands  of 

•pore»»ji;;.:^-)iV-v  v'n'i-^ ■  "  '^'*- 

Thome  indicated  that  D.  penetrans  niay  be  host  specific  to  P. 
pratensls  becai»e  nuserous  other  nematode  species  found  with  infected 
P.  pratensis  were  not  parasitised. 

Most  of  the  S.  idiittoni  larvae  infected  with  Duboscqla  sp.  showed 
the  heaviest  concentrations  of  spores  around  the  head  and  tall,  but 
some  spores  were  attached  along  the  body.    Individual  nematodes  were 
found  with  1  to  14  spores  attached  to  their  cuticles.    Spores  were  fre- 
quently observed  which  contained  no  sporoblast  still  attached  to  the 
cuticle.    Presumably  the  sporoblast  had  penetrated  the  cuticle  but  I 
never  observed  the  parasites  within  the  larvae. 

Larvae  infected  with  Duboscqla  sp.  were  as  active  as  healthy  lar- 
vae.   There  was  no  evidofice  of  damage  caused  by  the  sporozoan.    However ^ 
this  nay  have  been  due  to  the  fact  that  the  infections  were  in  the 
early  stages. 

Att«apts  were  made  to  inf set  healthy  S.  whittanl  larvae  with 
Pttboseqla  sp.  by  placing  them  together  in  soil  and  in  tap  water.  No 
healthy  larvae  became  infected  under  these  conditions. 

It  is  obvious  that  Duboscqla  sp.  is  not  confined  in  its  parasitism 
^  £•  pratensis.    Infected  Meloidofyne  sp.  larvae  were  found  with  in- 
fected S.  whittonl  larvae  from  Hatchet  Creek.    I  have  also  found  this 
sporozoan  parasite  on  Hoplolaimus  sp. 


Pr«dao«ottt  F uncus 

Duddlngton  (1955)  states:    "The  term  'predaceous  fungus'  is  usually 
applied  to  those  miero-fungi  ^t  capture,  kill,  and  eonsttme  Biero> 
seople  animals."    Mo  predaceous  fimgus  was  found  associated  with  the 
various  stages  in  the  life  cycle  of  S«  whittoni  collected  from  the  bank 
of  Hatchet  Creek.    Therefore,  I  thought  it  would  be  interesting  to  con- 
duct some  experiments  to  study  some  of  the  relationships  between  a  pre> 
eaceous  fimgus  and  S.  whittoni. 

In  the  first  experiment  3  dishes  with  Arthrobotrys  sp.  growing  in 
then  were  each  inoculated  with  30  second  stage  larvae.    At  the  time  of 
inoculation  no  trapping  rings  could  be  seen  in  the  fungal  cultures. 
Duddlngton  (1955)  states  that  most  predaceous  fungi  do  not  form  traps 
%*en  grown  In  pure  culture,  trap  formation  being  initiated  when  nema- 
todes are  added. 

After  24  ho\urs  hyphae  in  all  3  plates  in  the  above  experiment  had 
numerous  sticky  rings  on  th«n.    Most  of  the  larvae  had  been  caught  in 
the  rings  and  were  dead.    Observation  of  the  cultures  under  the  stereo- 
scopic microscope  revealed  that  aost  larvae  became  trapped  while 
moving  forward  across  the  agar  and  wnterlng  the  loops.    Upon  being 
trapped  by  the  fungus  in  sticky  loops  worms  frequently  thrashed  about 
and  caused  the  tail  to  beccane  caught  in  nearby  loops.    The  worms  ceased 
struggling  about  an  hour  after  being  trapped.    Small  outgrowths  from 
the  loops  grew  into  the  nematode's  body,  soon  filling  it  with  mycelium. 
After  several  hours  nothing  rnnained  of  the  nematode  but  the  cuticle 
and  stylet. 
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Predatory  Meaatod«« 

NuBMrous  predacaoiui  r«i>r«8«nta tires  of  3  genera  —  Mononehtts . 
Dorylalmas .  arei  DlacolatMoe  —  were  found  aasoeiated  with  S.  irtilttoni. 
Therefore,  experiments  were  conducted  to  determine  the  possible  role 
of  these  predators  in  the  life  history  of  S.  wfalttonl. 

The  relationships  between  predaceous  nematodes  and  their  nematode 
prey  have  interested  nanatologlsts  for  some  time.    Thome  (192?) 
studied  the  effect  of  certain  species  of  Mononchus  on  populations  of 
the  sugar  beet  nflsatode,  Heterodera  achachtll.    He  observed  the 
Bkononehs  feeding  on  males  and  larvae  of  H,  schachtii,    Thome  con- 
sidered it  doubtful  that  the  predators  were  of  any  economic  importanct 
in  control  of  H.  schachtll. 

Five  adult  specimens  of  each  of  these  genera  were  placed  %rith  a 
bamboo  pick  onto  the  agar  of  each  plate  containing  the  S.  whlttoni  lar- 
vae.   The  plates  were  observed  several  hours  a  day  for  7  days.  Only 
Mononchus  sp.  attacked  S.  whlttcnl  larvae. 

Both  predators  and  larvae  moved  about  the  agar  freely*    Some  indi- 
viduals of  both  groups  ooved  into  and  through  the  agar.   None  of  the 
predaceous  nematodes  seemed  to  be  attracted  to  the  larvae.    The  former 
readily  attacked  the  latter  when  their  heads  contacted  the  larvae  in 
the  process  of  crawling  about  the  agar.    If  a  larva  was  placed  near 
(about  1  mm)  a  predator  the  latter  moved  its  head  about  rapidly,  some- 
times waving  it  in  the  air.    However,  I  never  observed  Mononchus  sp. 
to  capture  a  larva  that  was  placed  nearby*    Scmetimes  the  predators 
woiild  move  their  heads  along  the  entire  length  of  the  larva's  body  and 
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not  attack  it.    If  a  larva  -has  placed  across  the  body  of  Mononchus 
•p.  the  predator  beeaae  greatly  agitated  and  moTed  about  rapidly  until 
its  head  c<mtacted  the  larva.    After  a  brief  period  of  searching  move- 
ments with  the  head,  the  Mononchus  would  crawl  away. 

The  following  observations  of  a  Mononchus  feeding  on  a  larva  were 
typical  of  the  actions  of  these  voracious  little  predators.    The  preda- 
tors and  iAiB  larva  were  seen  moving  closely  at  right  angles  to  each 
other.    When  the  predator's  head  was  addway  along  the  larva's  body  the 
fovmsr  suddenly  pressed  its  isouth  tightly  against  the  side  of  the 
prey.    The  larva  began  thrashing  about  but  its  efforts  diminished  and 
ceased  in  a  matter  of  a  few  seconds.    The  predator  seemed  to  hold  its 
prey  by  the  combined  acticm  of  its  lips  and  the  suetirai  exerted  the 
esophagus.    The  cuticle  of  the  prey  was  punctured  apparently  by  den- 
ticles in  the  mouth  of  Mononchus.    The  esophagus  of  the  predator  began 
strong  pulsations  and  the  body  contents  of  the  larva  were  sucked  into 
the  gut  of  the  Mononchus. 

I  did  not  observe  any  of  the  Dorylaimus  or  Discolaimus  feeding  on 
the  S.  whittoni  larvae.    Both  of  these  predators  were  seen  to  puncture 
Mononchus  with  their  stylets  and  draw  out  the  body  contents.  Mononchus 
was  not  seen  to  prey  on  Dorylaimus  or  Discolaiaus. 

In  the  natural  habitat  Cobb  (19H)  found  Mononchus  sp,  consuming 
large  numbers  of  the  larvae  and  males  of  Tylenchulus  semlpenetrans. 
Mon<mchus  probably  consumes  larvae  of  S.  whittoni  in  the  natural  habi- 
tat.   Dorylaimus  and  Discolaimus .  being  stylet-bearing  predators,  may 
prefer  larger  prey  to  S,  whittoni  larvae  and  males. 


Discussion 

An  Intensive  study  of  the  biology  of  S,  wfaittoni,  both  observ*- 
tional  and  experla»ntal,  shows  that  in  aany  respects  it  is  similar  to 
other  neouitodes  that  have  been  invest i^ted  by  several  workers.  The 
greatest  degree  of  similarity  is  shared  with  Meloidogyne.  Heteroderai 
R,  reniformis.  and  T.  sendpenetrans,  but  3.  whittoni  deviates  in 
several  minor  respects  i^ich  are  discussed  below. 

,  Etabryology 

Results  of  the  eaq>erimsnts  on  the  movement  of  gentian  violet  into 
§,*  whittoni  eggs  indicate  that  the  vitelline  mwabrane  is  altered  by 
fat  solvwits  and  heat.    The  egg-shells  of  normal  eggs  were  stained 
daridy  by  gentian  violet  but  neither  the  vitelline  membrane  nor  the 
yolk  was  stained.    Eggs  treated  with  fat  solvents  or  heated  were  com- 
pletely stained  by  gentian  violet.    This  indicated  that  the  vitelline 
Mobrane  had  been  altered  by  treatment  and  t^e  stain  entered  and 
colored  the  vitelline  membrane  and  yolk.    These  findings  are  consistent 
with  those  of  Chitwood  and  Graham  (1940)  on  the  eggs  of  Strongyloides 
ratti. 

Two  polar  bodies  are  frequently  seen  in  the  eggs.    One  is  located 
in  the  perivitellus  space  and  the  seocmd  in  the  extravitellus  cavity. 
The  polar  body  in  the  latter  position  is  undoubtedly  formed  before  the 


Titelline  nsnbrane  is  laid  dowi.    The  one  in  the  perlTitellua  space  ia 
the  last  formed.    The  arrangement  of  the  polar  bodies  in  S.  whlttoni 
eggs  is  similar  to  that  recorded  by  van  Y/eerdt  (1959)  for  Radopholus 
■iailfi**    However  4  he  frequently  observed  that  the  outenaost  polar  body 
semned  to  be  in  the  process  of  dividing.    I  did  not  see  this  in  S. 
whittoni  eggs.    The  terminal  position  of  polar  bodies  in  S.  vhlttoni 
eggs  thus  differs  from  the  position  of  the  polar  bodies  in  Heterodera 
schachtil  and  Heterodera  avenae.    The  polar  bodies  in  the  eggs  of  these 
2  species  are  located  in  the  middle  of  the  ^gs. 

The  developownt  of  the  embryo  of  S.  whlttoni  up  through  the  6  cell 
stage  is  almost  identical  with  that  of  Ascaris  megalocephala  and  Turba- 
trix  aceti.   Whether  this  similarity  continues  throughout  subsequent 
develo^ent  is  not  known.    I  strongly  suspect  that  many  similarities  do 
exist  throughout  the  entire  developmenti  but  1  have  no  facts  on  which 
to  base  this  conjecture. 

During  very  early  development,  cell  divisions  reqtiired  24  hours  at 
room  temperature  for  completion.    This  is  quite  slow  compared  to  som 
free^living  forms  such  as  a  species  of  Rhabditis  I  observed.    In  this 
form  the  early  cleavages  were  completed  in  30  minutes  or  less.  The 
blastoneres  cotild  be  seen  moving  during  division  and  the  globules  with- 
in the  blastoMres  shifted  posit i<m  rapidly  during  development.  How^ 
ever,  the  difference  between  the  rate  of  embryological  development  of 
these  2  animals  is  understandable  when  the  length  of  toeir  life  cycles 
is  considered.    In  the  Rhabditis  sp.  the  entire  life  eyele  is  co^»l«ted 
in  3  days  while  in  S.  whittoni  approximately  60  days  are  required. 

The  stylet  in  S.  whittoni  en^ryos  is  formed  in  sections  f rcMB 
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anterior  to  posterior  as  has  been  postulated  for  nany  stylet-bearing 
nenatodes.    The  tip  is  formed  about  the  seventeenth  day  and  the  shaft 
and  knobs  are  fomed  within  the  next  3  days. 

Hatching  of  larrae  does  not  seem  to  require  Tery  epeeiflfi  eomll> 
tions.    The  chlorine  and  other  additives  in  tap  water  did  not  prevent 
hatching.    Hatching  occurs  readily  in  tap  water,  spring  water,  dis- 
tilled water,  and  rain  water.    S.  whittoni  eggs  differ  in  this  respect 
frwn  the  eggs  of  R.  siadlis  which  van  Weerdt  (1959)  found  would  not 
hatch  in  tap  water. 

Many  cysts  removed  from  the  soil  contained  starved  larvae.  These 
larvae  had  apparently  hatched  and  were  unable  to  escape  from  the  cyst 
because  the  vulval  opening  had  become  blocked  in  aamm  manner.  Large 
numbers  of  the  larvae  of  this  species  ajqarently  perish  in  this  manner 
as  the  larvae  seem  unable  to  force  their  way  through  the  thick  cyst 
wall.    Thus  it  seems  that  the  cyst  may  often,  tinder  certain  circum- 
stances, cause  the  death  of  the  larvae  it  would  normally  protect  from 
dessication  and  predators. 

The  stylet  plays  an  important  role  in  the  normal  hatching  of  the 
larvae.    It  is  not  known  whether  the  stylet  actually  punctures  the 
eggshell  or  merely  weakens  it.    It  is  possible  that  the  eggshell  may  be 
weakened  or  broken  down  by  ensymatie  action.    It  is  interesting  that 
althou^  the  male  larva  loses  its  stylet  at  the  second  molt  after  it 
has  hatched,  the  Buile  uses  its  stylet  in  hatching  in  the  same  manner 
that  the  female  larva  does.    Thus  the  stosatostylet  of  S.  whittoni 
male  larvae  serves  1  function,  that  is,  in  aiding  the  larva  to  hatch. 
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In  the  tmale  the  stylet  serves  2  functions.  Firsts  it  is  utilised  in 
hatching^  and  second,  it  is  used  in  feeding. 

Horphologx 

Most  of  the  iBoridiologieal  characteristics  of  second  stage  S. 
whittonl  larvae  are  not  unique  among  nematodes.    However,  I  think  the 
results  of  the  eoqperinents  on  the  cuticle  are  worth  recording. 

A  difference  seems  to  exist  in  the  outer  and  inner  lajers  of  the 
cuticle  of  second  stage  S.  idiittoni  larvae  compared  to  those  of 
Ditylenchus  dipsaci,  Heterodera  glycines  oales,  and  Hoplolaims  tylen- 
chiformis  adults.    From  my  experiments  it  appears  that  the  thermolabile 
membrane  of  S.  whittoni  is  an  inner  outicular  layer,  while  in  the  other 
3  species  mentioned  above,  Chitwood  and  Hirsehnann,  working  indepen- 
dently, found  the  thermolabile  membrane  to  be  the  outermost  outicular 
layer.    The  explanation  for  this  difference  is  not  known.    The  remaiics 
made  by  Bird  (1958)  SMm  pertinent  to  this  situation.    He  stated:  "At 
our  present  state  of  knowledge  of  the  structure  of  the  cuticles  of 
nematodes  in  general,  it  does  not  seem  to  be  wise  to  attempt  to  postu* 
late  that  the  presence  of  an  exo-  and  endo-euticle  is,  perhaps,  cosnoa 
to  all  nematodes,  as  has  been  done  by  Wieser;  neither  is  it  wise  to 
compare  the  highly  specialized  cyst  wall  of  Heterodera  with  the  cuticle 
of  Ascaris  lymbrlcoldes .    However,  atteiopts  such  as  these  to  find  the 
camoaon  basic  pattern  of  outicular  structure  should  be  of  considerable 
benefit  when  more  is  known  about  these  structures  in  a  wider  range  of 
nematodes." 


obsarratlons  on  the  connection  of  the  cei^lids  with  the  longi- 
tudinal chords  in  S.  whittonl  larrae  are  consistent  vith  Hirsehnann't 
(1959)  findings  In  Hoplolalatus  tylenchlfomds  and  several  species  of 
Heterodera.    As  far  as  I  know,  Hirschmann ' s  report  and  my  obserrations 
are  the  only  references  to  date  to  the  connection  between  the  longi- 
tudinal chords  and  cephalids  in  nematodes. 

The  molting  of  male  S.  vhittoni  larvae  is  of  particular  interest. 
As  has  been  stated  previously,  the  theory  of  Rogers  and  Sonsnerville 
(1957)  OQDceming  the  production  near  the  base  of  the  esoi^gus  of  a 
Bolting  fluid  which  f lofws  out  the  excretory  pore  and  broakt  down  the 
cuticle,  nay  well  apply  to  S.  whittoni.    The  presence  of  holes  in  the 
cuticle  near  the  excretory  pore  of  ntolting  males  provides  indirect 
evidence  that  such  a  method  may  be  utilised  by  this  species. 

The  results  of  the  experiments  on  the  cuticle  of  the  adult  female 
of  J.  whittoni  indicate  that  its  structure  is  more  like  that  of  Hetero- 
dera rostochiensis ,  as  reported  by  Ellenbjr  (1956),  than  Meloidogyne 
hapLa.  as  reported  1^  Bird  (1958).    The  cyst  wall  in  both  H,  rosto- 
chiensis and  S.  whittoni  consists  of  a  thick,  dense,  tough  outer  layer 
covering  the  inner,  clear  layer.    In  the  adult  female  cuticle  of  M, 
hapla.  the  outer  layer  is  rather  thin  and  overlays  2  darkly  staining 
bands.    The  tanning  process  that  occurs  in  the  cuticle  of  adult  female 
S.  whittoni  specimens  is  also  quite  similar  to  the  tanning  in  adult 
females  of  Heterodera  rostochiensis.    The  cyst  wall  of  S.  >diittoni  pro- 
bably gives  good  protection  to  the  enclosed  eggs  as  do  the  cyst  walls 
of  the  species  of  Heterodera. 
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Pbyaloloor 

Because  the  second  stage  lai^ra  is  the  most  active  stage  in  the 
life  cycle  of  this  species,  it  was  the  form  chosen  for  physiological 
experiments.    Little  if  any  response  could  be  detected  on  the  part  of 
the  rather  sluggish  males  and  the  sedentary  females,  but  the  larvae 
made  good  experimental  subjects. 

Larvae  apparently  cannot  withstand  drying.    They  died  almost  1— - 
diately  upon  drying  on  glass  slides  or  in  dishes.    Quick  drying,  as 
well  as  slow  drying,  was  fatal.    Even  thoiigh  the  water  level  in  dishes 
went  down  gradually  in  slow  drying  experiments,  the  larvae  did  not 
appear  able  to  resist  the  drying.    Larvae  were  not  able  to  withstand 
drying  of  the  soil  in  which  they  were  known  to  be  present  in  large 
nuosibers.    Thus  it  appears  that  the  mature  cyst  and  not  the  second  stage 
larva  is  the  stage  most  likely  to  withstand  adverse  moisture  conditions. 
Althou£^  I  have  no  substantiating  data,  1  think  the  cyst,  like  that  of 
Heterodera.  is  no  doubt  rather  resistant  to  dry  conditions.    I  base 
this  conclusion  on  the  morphological  similarities  betwean  the  cysts  of 
Heterodera  spp.  and  S.  whlttoni.    The  cyst  of  S.  triiittoni,  like  that 
of  the  species  in  the  genus  Heterodera.  may  serve  as  a  means  of 
dissemination.    Cysts  could  be  no  doubt  transported  by  wind,  water, 
and  animals,  but  I  have  no  evidence  concerning  dissemlnation> 

Due  to  the  lack  of  facilities  for  temperature  studies,  a  wide 
range  of  tenqperatures  could  not  be  tested  on  S,  whlttoni.    However,  of 
the  temperatures  luied,  24*^  C  was  the  best  suited  to  the  animal's  devel- 
opment. 
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X  thou^t  it  wlikvljr  that  larvae  eould  withstand  freezing  and 
experlaents  confirmed  my  doubts,    Hwerer,  larrae  nay  possibly  vrith- 
stand  lower  temperatures  when  in  soil  water  than  in  distilled  water  in 
dishes.    No  experinents  were  conducted  to  study  soil  conditions  and 
freesing. 

The  reactions  of  lanrae  to  MaCl  showed  they  have  little  tolerance 
for  concentrations  higher  than  .05N,    There  is  very  little  infomation 
in  the  literature  concerning  the  tolerance  of  soil  inhabiting  neaa* 
todes  to  various  salt  conoentraticms.    This  lack  of  infomation  is 
regrettable  because  these  aninals  lire  in  soil  water  In  which  many 
salts  are  dissolved,  and  knowledge  of  the  tolerance  would  be  most 
valuable  in  understanding  more  of  their  ]^ysiological  reactions.  In 
expsrlHMnts  with  Radopholus  similis.  van  Weerdt  (1959)  found  the 
nematodes  could  siurvive  concentrations  as  high  as  2  per  cent  NaCl  but 
no  higher.    From  ttiis  it  appears  that  R,  similis,  under  experimental 
conditions,  can  withstand  almost  10  times  higher  NaCl  concentration 
than  S,  whittoni.    However,  R.  similis  is  frequently  found  in  rather 
dry  soil  situations  where  the  concentrations  are  probably  high  coat- 
pared  to  the  moist  habitat  of  S,  whittoni  where  salt  concentrations  are 
no  doubt  lower.    Thus  the  ability  of  R,  similis  to  withstand  higher 
salt  concentrations  may  be  a  result  of  the  forces  of  natural  selection. 
This,  of  course,  is  mere  conjecture. 

To  my  knowledge,  there  are  no  repoirts  in  the  literature  of  experi- 
ments in  which  soil- Inhabiting  nematodes  have  been  treated  with  drugs 
affecting  animal  nervous  systems.    Therefore,  I  conducted  experiments 
in  which  S,  whittoni  larvae  were  treated  with  several  of  these. 
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Although  the  reactions  of  S,  whlttonl  lazTrae  to  th«  drugs  were 
predictable,  07  conclusions  are  only  tentative  and  nust  remain  so  until 
BQich  further  testing  la  accooplittfied.    Because  these  tests  wore  con- 
ducted using  the  entire  worm,  and  not  an  Isolated  tissue  preparation, 
the  behavior  of  the  treated  nematodes  is  probably  not  a  simple  response 
to  the  drug.    UnsueceaafiU.  attempts  were  made  to  dissect  out  the 
various  tissues  of  the  larvae  with  fliiely  drawn-out  glass  rods  and  ' 
treat  them  with  the  above  drugs.    Because  of  their  small  size  and  deli- 
cate structure,  the  tissues  were  invariably  damaged  by  this  technique 
so  that  the  experiments  failed  to  reveal  any  reliable  information. 

Treatment  of  larvae  with  acetylcholine  or  nicotine  sulfate  enabled 
me  to  study  the  movonents  of  the  stylet  under  high  magnification.  The 
action  of  the  large  protractor  muscles  was  easily  observed  as  they 
forced  the  stylet  outward.    No  retractor  muscles  were  observed.    As  far 
as  I  know,  none  has  been  reported  in  the  literature  on  stylet-bearing 
nematodes.    Nematologlsts  do  not  agree  as  to  what  causes  the  stylet  to 
retract,  but  it  has  been  suggested  that  the  natural  elasticity  of  the 
cuticle  may  be  responsible.    Stylet  activity  is  rarely  observed,  and 
when  it  is.  It  usually  occurs  in  a  specimen  feeding  on  a  seedling  in 
culture.    Under  such  conditions  study  under  high  magnification  is  often 
difficult.    The  use  of  acetylcholine  and  nicotine  sulfate  stay  shed  - 
light  on  the  mechanism  of  stylet  action. 

"Die  fact  that  larvae  in  some  of  these  eoqperlments  were  stimulated 
to  secrete  material  through  the  stylet  seems  significant.  This 
Miterial  was  presumably  a  product  of  the  esofdiageal  gland  cells  whose 
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ducts  open  into  the  lumen  of  the  esophagus.    The  Injection  of  a 
■aterial  from  the  esophageal  glands  of  plant  parasitic  nenatodes  into 
host  cells  is  generally  believed  to  occur,    Linford  (1937a)  suggested 
that  such  a  material  probably  caused  severe  damage  to  host  tissues, 
such  as  galling  of  roots  by  Meloidogyne  spp.    Experiments  by  the  saas 
author  in  the  sane  year  indicate  that  these  secretions  may  be  enzyiaatic 
and  function  in  extracorporeal  digestion.    In  his  experiments  Linford 
never  observed  the  injection  of  such  secretions  into  a  plant  cellj 
however,  he  sav  the  material  flow  from  the  stylets  cf  n«atodea  removed 
from  the  roots  and  placed  in  water.    He  did  observe  predaceous  species 
of  Aphelenchoides  injecting  material  into  their  nematode  prey.  The 
injection  of  material  through  the  stylet  of  Helicotylenchus  nannus 
(Steiner,  1945)  into  a  com  root  cell  was  observed  ty  Sledge  (I960). 
Because  the  secretion  of  these  esoj^geal  gland  products  has  been 
rarely  observed  (Linford,  1937a,  1937b,  and  Sledge,  I960),  nwatologists 
have  been  unable  to  study  them.    However,  If  stylet-bearing  nenatodes 
can  be  stimulated  with  nicotine  sulfate  to  secrete  these  materials,  as 
S.  1rt^ittoni  larvae  did,  it  is  possible  these  gland  products  might  be 
subjects  of  study. 

Staining  indicated  the  presence  of  adrenalin  In  the  tissues  of 
the  lainrae.    There  is  apparently  no  concentration  of  the  material  in 
the  region  of  the  neirve  ring,  but  it  seems  to  be  spread  throughout  the 
tissues.    Immersion  of  the  larvae  in  adrenalin  caused  oharaoteristio 
bending  of  the  extreme  anterior  end  of  the  body.    Externally  applied 
adrenalin  apparently  gained  entrance  to  the  body  and  acted  upon  the 
narvw  to  the  somatic  mseulature  causing  normal  movemmt  of  the  body. 
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Th«  explanation  for  the  occurrene*  of  T&euoles  in  the  pseudocoeloa 
of  drug-treated  worres  is  not  known.    I  belicre  because  of  the  rather 
low  concentrations  of  the  drugs  used  that  it  is  not  a  result  of  sinple 
change  in  osaotic  e«icentration  of  the  environosnt,  Iwt  the  resiilt  of 
altered  metabolism  in  the  animals.    This  change  nay  haTS  resulted  la 
the  production  of  gaseous  products  which  formed  into  racuoles.  The 
vacuoles  always  disappeared  when  larrae  were  placed  in  tap  water  and 
were  thus  not  permanently  formed  structures.    There  is  also  the  possi» 
bility  that  materials  such  as  adrenalin  may  alter  cuticular  permeability 
through  its  effect  an  metabolism.    In  that  case,  waste  gaseous  products 
of  normal  metabolic  process  may  not  be  able  to  diffuse  out  of  the  ani- 
mal and  thus  they  collect  in  vacuoles  in  the  pseudoeoelaa. 

ReseaKh  on  soil  nematodes  and  their  reactions  to  certain  drugs 
may  shed  some  light  on  the  metabolic  processes  occurring  in  these  ani-  - 
mals.    Not  only  would  these  studies  be  of  considerable  academic 
interest,  but  they  could  also  furnish  information  necessary  for  the 
chemical  control  of  economically  iiqportant  plant-parasitic  nematodes. 

Attachmmt  to  Host  Roots 

Results  of  inoculation  experiments  show  that  S.  whittoni  second 
stage  larvae  must  be  approximately  14  days  old  before  they  attaeh  to 
host  roots,   n^e  cause  for  this  long  period  may  be  that  the  larvae  have 

to  xindergo  some  degree  of  physiological  maturation  after  hatching  be- 
fore they  can,  or  will,  attach  to  roots  and  feed.    Experiments  indicate 
that  attachment  is  not  Just  a  result  of  time  in  contact  with  roots  but 
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la  a  funoti(»i  of  larval  age. 

No  es^lanatlon  is  available  for  the  apparent  indifference  of  S. 
whlttonl  larvae  to  seedlings  and  excised  roots  in  culture  plates. 
Numerous  wozicers  have  induced  various  plant-parasitic  nematodes  to 
feed  on  roots  under  conditions  slndlar  to  those  used  in  my  experiments. 

Life  Cycle 

In  certain  aspects  the  life  cycle  of  S.  whittcni  resraibles  that  of 
all  4  genera  of  sedentary  genera  reviewed  previously.    The  development 
of  the  male  of  S.  whittoni  is  similar  to  that  of  the  male  of  Tylenchulus 
fy!p«fP*trftnf .    However,  the  male  of  S.  whittoni  loses  its  stylet  eosb- 
pletely  whereas  the  male  of  T.  s«nl penetrans  retains  a  small  one.  As 
with  Rotylenohulus  rwaiformis  and  T.  semipenetrans .  only  the  matur* 
females  are  known  to  be  parasitic. 

Mature  female  S.  whittoni  produce  a  gelatinous-like  egg  sac  in 
which  eggs  are  laid  as  in  Heterodera.  Meloidogvne.  Rotvlenchulus  and 
Tylenchulus.    The  shape  of  the  mature  female,  the  structural  character- 
istics of  the  body  wall,  and  its  development  into  a  protective  cyst,  are 
more  similar  to  Heterodera  than  to  the  other  genera. 

The  feeding  habits  of  S,  ^rtilttoni  and  its  method  of  attachment  to 
the  exterior  of  the  roots  are  rather  similar  to  T.  penetrarw  and  Hetero- 
dera.   Although  female  S.  whittoni  are  scnnetimes  found  covered  by  root 
tissue  as  Meloidogyne  females  are,  it  is  primarily  found  with  most  of 
the  body  exterior  to  the  root.    Thus  its  mode  of  attachmmit  nearly  ap- 
proaches that  of  T .  semipenetrans .  R.  renif ormis .  and  Heterodera. 
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S.  whittoni  larvae  do  not  enter  root  tissue  and  migrate  through  it 
as  do  larvae  of  Heterodera  and  Meloidogyne  but  the  anterior  part  of  the 
body  (>«netrates  at  zdght  angles  and  abuts  the  stele,  as  with  the  larvae 
of  T.  semi  penetrans  and  R.  reniformis,  S.  iiriilttoni  resembles  these  2 
species  in  its  effects  on  host  tissue  in  that  it  does  not  cause  galling 
or  giant  cell  formation. 

Iftider  the  oircunstanees  of  my  experiments ,  the  life  cycle  of  S. 
whittoni  was  c(»q>leted  in  approximately  60  days,    "niis  is  considerably 
longer  than  the  time  required  for  completion  of  the  life  cycle  in  the 
other  sedentaxy  parasites  except  X*  semlpenetrans.    Meloidogyne.  Het- 
erodera p  and  ^,  renifonai,s  require  approximately  15  to  30  days  for 
completion  of  the  life  cycle  but  X*  UBiSdKS^USDSi  requires  fr(»  45  to 
60  days. 


SUMiAfiX  Am  CONCLUSXQIiS 

A  n«w  species  of  plant- Infesting  nematode  was  found  attached  to 
the  roots  of  sweetgum  trees  (Liquadamber  styraciflqa) .    This  is  des- 
cribed as  Sphaeronwna  T>rtiittoni.    In  additicm,  studies  of  embryologleal 
derelopmsnt,  life  history,  sorphology,  and  physiology  of  the  rarious 
stages  of  the  Mom  were  emdueted.    References  to  lanrae  are  to  those 
in  the  seccmd  stage  of  developeisnt.    Observations  and  conclusions  ax>e 
(nHBsrised  as  follows  t 

1.  Hatching  of  S.  whittoni  eggs  in  tap  water  at  room  tea^>erat«re 
requires  appro^djnately  21  days.    The  first  BK>lt  occurs  within 
the  egg.    The  nale  nolts  4  times,  beetMaing  nature  within 
about  31  days.    The  mature  male,  idiich  apparently  does  not 
feed,  has  a  degenerate  esophagus  and  no  stylet.    Females  were 
not  observed  molting  because  of  difficulties  in  culturing, 
but  nolts  very  likely  do  ooc\ir.    The  matuz>e  female  is  a 
s^erical,  thick-walled  cyst  packed  with  eggs.    The  entir* 
life  cycle  of  the  female  reqtiires  appraxlmately  60  days. 

2.  The  female,  after  reaching  maturity,  is  usually  attached  to 
the  root  with  its  head  and  neck  embedded  in  the  cortex,  the 
head  abutting  the  stele.    No  giant  cells  or  galls  were  foraed 
on  parasitised  roots. 
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3*   Tests  with  eertaln  dxnigs  were  conducted  on  larvae  and  gave 
the  following  results.    When  iiomersed  in  acetylcholine,  they 
were  Induced  to  move  the  stylet.    Nicotine  sulfate  also  sti> 
■ulated  stylet  aoveoent  in  larvae  as  well  as  causing  thesi  to 
secrete  a  substance,  possibly  saliva,  through  the  hollow 
stMBatostylet.    Adrenalin  eaxised  peculiar  movunents  and 
bending  of  the  body. 

4.  Larvae  apparently  cannot  withstand  dessieation  or  freeslng. 

5.  Experinents  with  various  ccmcentrations  of  NaCl  showed  that 
larva  cannot  tolerate  osmotic  concentrations  hi^er  than  0.05N. 

6.  Attachaent  of  larvae  to  roots  did  not  occur  in  any  case  until 
larvae  were  at  least  14  days  old.    It  is  not  known  %rtiether 
larvae  feed  transiently  or  attach  penaanwitly  at  the  first 
feeding  site.    Larvae  did  not  show  that  they  were  attracted 
to  sweet gum  roots  in  culture. 

7.  Larvae  moved  best  In  moisture  films  thinner  than  their  body 
disMter.    They  eadiibited  a  positive  geogropic   response,  but 
did  not  react  to  li^t  either  positively  or  negatively. 

8.  Larvae  eaqposed  to  parasitic  tvaigl  and  to  naoiatode  predators 
were  ready  prey  for  these  organisms. 
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